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INTRODUCTtON 
General 
The kidney is a vital organ plays essential role in 
health and diseases. The main function of the kidney is to 
maintain total body fluid volume, its composition and pH 
within physiologic range. This is achieved by selective 
reabsorptive properties of the collective kidney structure 
of which it is formed. The nephron, the smallest 
architectural and functional unit of the kidney, is a long 
tubule which originates at the renal corpuscle (glomerulus). 
A rat kidney contains 30,000-35,000 nephrons whereas a human 
kidney is made up of about 1,30,000 nephrons. The nephron 
itself can be subdivided into several subsegments. 
The structure of the mammalian kidney apparently looks 
so homogenous, however, can be viewed as a composite of 
several tissue organs, geometerically, functionally and 
metabolically (l). Thus each nephron consists of group of 
organs arranged in series coursing through four concentric 
tissue planes, the cortex, outer and inner zones of the 
outer medulla and the inner medulla (papilla) (1). Each 
tissue plane also has individual "organ" characteristics 
with respect to their ionic contents and metabolic rates 
(1,2). The proximal tubule is the major site for 
reabsorption of various solutes including amino acids, 
sugars and other nutrients, and certain ions and minerals 
such as Na+ and inorganic phosphate (Pi). The renal tubule 
including the proximal tuDule is consisting of cells 
polarized into a luminal or apical surface and a basolateral 
surface to ensure net unidirectional movements of certain 
ions and solutes (3). Reabsorption of most ions and solutes 
from the tubular lumen is coupled by an active transport 
with sodium (Na*) via a carrier located on apical side and 
is driven by an electrochemical gradient of Na* generated by 
Na'*'/K"*'-ATPase located on basolateral side (4,5,6). Thus the 
transport of Na is considered to^ a^ major work function of 
the Kidney (7,8). The large amount of work in the form of 
active transport performed by the kidney has been shown to 
be associated with a high oxygen consumption rate 
concomittently linked with sufficient ATP generation 
processes (9,10). 
Fatty acids, proteins, glucose, and their metabolites 
including intermediates of citric acid cycle, amino acids, 
lactate etc. are known to contribute to the energy supply of 
kidney in various mammals including man (11). The type and 
rate of metabolism in various kidney tissue zones is 
dependent on the availability of oxygen in any particular 
zone of the kidney (ii,12-16). There appears to be a reverse 
corticomedullary gradient for tissue oxygen tension (PO2) 
i.e., PO2 in inner medulla is far lower than in cortical 
tissue (17-20). The energy generated by the metabolism 
supports the transport work, in the kidney. Thus the 
metabolic activity, the oxygen tension and the transport 
functions vary in different kidney tissue zones in extension 
in different nephronal subsegments (21,22-27). 
Nephron, which is consisting of various subsegments, 
showed distinct structural and functional differences 
(28,29). Thus nephron heterogeneity also contribute to the 
variation in the kidney functions. Both inter- and intra-
nephronal heterogeneity exist in the mammalian kidney that 
depend on the origin and location of the nephrons in the 
cortical region of the kidney (28,29). The nephron which 
originates from the glomerulus located in superficial cortex 
is known as superficial nephron while the nephron originates 
from deep cortical region is called as "deep" or 
" iuxtamedullary nephron". These populations of nephrons have 
been found to be distinct in structures as well as in 
functions (28). 
In the kidney, the inorganic phosphate (Pi) which is 
filtered at the glomerulus is reabsorbed primarily in the 
proximal tubule (30-35). The initial step in this process is 
Na -gradient dependent transport of Pi across brush border 
membrane (BBM). Reabsorption of Pi in this nephron segment 
is altered by various drugs (Nicotinamide, cyclohexamide, 
actinomycin D), hormones (glucocorticoid, PTH, T3, T4, ANF), 
by dietary phosphorus intake (LPD, HPD) and by many 
pathophysiologic conditions such as ischemia, anoxia, 
starvation, acidosis and alkalosis (36-44). 
In many of the above situations the transport of Pi is 
differentially regulated in superficial and juxtamedullary 
cortical proximal tubules mostly by changes in the capacity 
of the transport system localized in the BBM. It is known 
that under normal physiologic conditions kidney does not 
function to its full capacity. It has the ability to adapt 
itself according to the environmental conditions surrounding 
it. The most prominent adaptive changes were observed in 
phosphorus homeostasis in response to dietary phosphorus 
intake in maintaining positive phosphorus balance (5,44). 
The feeding of LPD resulted in hypophosphaturia accompanied 
32 
by increased BBM transport of Pi, while feeding of HPD or 
fasting showed increased Pi excretion with decreased BBM Na-
32 
dependent transport of Pi. In the present study the effect 
of fasting and fasting-refeeding were observed on the 
transport of "^ -^ Pi, BBM and certain metabolic enzymes activi-
ties not only in whole cortex but also in superficial and 
juxtamedullary cortex and the BBMV(s) isolated from these 
cortical regions which have not been determined so far. 
PRESEhfT STATE QE lUE KNOWLEDGE 
a) S t ruc tu i rg Mi^ f u n c t i o n s QI, 11I£ k i d n e y i n normophvsio-
loqic conditions 
Mammalian kidney is heterogenous structure consisting 
of distinct structural and functional tissue zones eg. 
cortex, outer medulla (outer and inner portions) and inner 
medulla (papilla). "Nephron", the basic unit of the kidney 
consists of a glomerulus and a long tubule. Glomerulus is a 
site where blood is filtered and a nephric filtrate is 
formed. This nephric filtrate (consisting of various ions 
and solutes) is then passed through the lumen of the tubular 
structure which is consisting of several distinct 
structures, namely subsegments of the nephron which run 
through various renal tissue zones. The nephron is 
subdivided into several subsegments according to their 
locations and structural features. Most of the ions and 
useful solutes present in the nephric filtrate (Na"^ , Pi, 
amino acids, FAs, sugars) are reclaimed or reabsorbed by 
various nephronal subsegments eg. proximal and distal 
tubules (45,46) while the harmful waste products are 
excreted out of the kidney as urine. The renal reabsorption 
of ions and solutes takes place actively or passively across 
the luminal membrane of proximal (mainly in cortex) and 
distal (mainly in outer and inner medulla) tubules according 
to their abilities and capabilities. The proximal tubule in 
cortex has been demonstrated to be the major site for ions 
and solute reabsorption including water reabsorption which 
occurs at the luminal or brush border membrane (BBM) site of 
the proximal tubules (47). Thus ions and solutes such as 
sodium, phosphate, sugars and amino acids etc. are 
reabsorbed at the BBM of the proximal tubule as secondary 
active transport which is energized by the transcellular 
transport of sodium ions (primary active transport) from 
luminal membrane (in wardly) out of the epithelial cell by 
basolateral membrane (48-50). The energy for the sodium 
transport is mainly provided by the hydrolysis of ATP at 
antiluminal membrane site involving Na'*'/K'*" ATPase (57,47). 
The movement of sodium ions is dependent not only on the 
Na'^ -gradient across the membrane but also influenced by the 
metabolic status of the cell. Since the production of ATP is 
usually coupled to oxidative metabolism occuring in 
mitochondria, Na^ transport appears to be linked with the 
oxidative metabolism or oxygen tension (PO2) of the renal 
tubular cells. 
It has been demonstrated that the kidney which 
comprises only about 0.5% of the total body weight of the 
organism, utilizes a disproportionately high oxygen content 
i.e. 10\ of the total O2 uptake only second to the cardiac 
system of that particular species (52). A direct linear 
relationship between O2 uptake/utilization and Na 
reabsorption has been found (9,10). 
Considering the heterogenous structure of the kidney, 
the transport of sodium was found to be distributed 
differentially in different parts of the kidney and also 
differentially in different subsegments of the nephron 
(51,53,54). In regard to the oxygen tension (availability) 
it has been observed that the O2 tension was higher in renal 
cortex and gradually declines proportionally away from the 
cortex in the deeper tissues of the kidney i.e. the O2-
tension was found to be far lower in the inner medulla 
compared to the renal cortex (17-20). 
Moreover, in the nephron, the segmental 02-consumption 
as well as Na -reabsorption varied according to the 
variations in location and the type of the nephron 
subsegments. The transport of Na* requires a large 
expenditure of energy which varies in different nephron sub-
segments according to status of energy. In proximal tubule 
about 35-40* of total sodium transport results from active 
sodium transport (51,53). In contrast reabsorption of sodium 
in the distal nephron is almost entirely due to the active 
transport (54). Further studies indicated that the energy 
requirement for Na+-transport differs in different segments 
and that more energy is required to transport sodium the 
more distal the nephron segment (52). 
Further research indicated that the source of energy 
for transport i.e. ATP, is not solely provided by the 
oxidative metabolism but also by other metabolic processes 
such as substrate metabolism. According to several studies, 
fatty acid, glutamine, lactate, citrate and in particular 
glucose are the major substrates which support the transport 
worK of the Kidney (54-59). However, the substrate 
metabolism in the kidney is further complicated by 
structural as well as metabolic heterogeneity of the 
nephron. It is well established that different portions of 
the kidney have different functions in solute and fluid 
transport, as well as in substrate metabolism supporting 
their functions. For example, the renal cortex is 
characterized mostly by aerobic oxidative metabolism (60) 
while the renal medulla is the site of anaerobic metabolism 
and glycolysis. Moreover, the renal cortex is also capable 
of producing glucose (2,61,62). 
Further, the studies utilizing microenzyme assays of 
different nephron segments have revealed a distinct pattern 
of distribution of enzymes responsible for substrate 
metabolism (2). Enzymes necessary for gluconeogenesis are 
almost exclusively located in proximal tubules (61-63), 
while the distal as well as the medullary portion of the 
nephron are endowed with glycolytic enzymes (2,63). The 
activities of the enzymes of the TCA cycle are generally 
high in proximal convoluted tubules (PCT) and distal 
convoluted tubules (DCTT) both located in the renal cortex 
and thick ascending limbs of loop of Henle (MAD located in 
outer medulla, suggesting the presence of active oxidative 
metabolism in these tissues (2,64). Also the enzymes of 
fatty acid metabolism showed specific distribution patterns 
(65). Thus the results of substrate metabolism obtained in 
whole kidney or even in the preparations of renal cortex or 
medulla, represent the data from heterogenous nephron 
segments which differ in their metabolic and functional 
properties. 
During the last decades, information regarding the 
tubule cell metabolism in defined nephron segments has 
started to appear (64,66-69). The results of the above 
studies provided invaluable information about the 
biochemical machinery of the nephron which support transport 
work • and other important functions of the kidney. Klein et, 
al (70) demonstrated that proximal convoluted tubules 
(located in cortex) can oxidize a variety of substrate eg. 
10 
aC-ketoglutarate, glutamine, glutamate, malate and succinate 
but cannot oxidize lactate and glucose ,to any appreciable 
extent. This is compatible with the demonstration of low 
hexokinase activity and gluconeogenic properties of this 
nephron segment (2,61-63). By contrast thick ascending limb 
of Henle (MAL, located in outer medulla) can oxidize glucose 
and lactate together with cc-ketoglutarate etc. but cannot 
oxidize succinate or malate to a significant extent. The 
studies of Le Bauffant et al (71) and that of Balaban £t al 
(72) were able to demonstrate a correlation between 
transport work and substrate metabolism. The studies of 
Klein £t ai (70) suggested that glutamine and glutamate may 
be principal endogenous substrate oxidized by the proximal 
convoluted tubule of renal cortex while glucose and lactate 
are the principal substrate for MAL in medulla (73). 
The topic of renal metabolism as it pertains to renal 
transport work has been extensively reviewed (51,52,74,75). 
It is still necessary to advance in the understanding of 
metabolic fuels with particular emphasis on the 
heterogeneity of the nephron because such considerations are 
of critical importance since the nephron consists of 
distinct segments characterized with different morphologi-
cal, functional and metabolic properties. Moreover, intra-
11 
and inter-nephronal heterogeneity has complicated this 
further. For this purpose we will limit our discussion only 
for the metabolism of carbohydrates in general, glucose in 
particular as glucose metabolism is still considered to be 
the major fuel contributor to support transport work of the 
kidney. Recent studies, support the view that glucose play a 
critical role in the renal transport function (76,77). 
Endogenous substrates and added free fatty acids supported 
24.7 and 34.7* sodium reabsorption respectively whereas 
glucose elevated sodium reabsorption to 97.1* of the 
filtered load and supported 75.2% of Na-transport when aded 
as the only substrate (76,77). The oxidation of glucose in 
kidney may occur by several different metabolic pathways 
depending on the location and type of a particular nephron 
segment in the kidney: (l) the tricarboxylic acid (TCA) 
cycle, in which glucose undergoes glycolysis to. pyruvate. 
which in turn oxidized to (X)2; (2) the hexose-monophosphate 
(HMP) shunt pathway: and (3) the glycolysis in which 
glucose is partially oxidized to lactate. On the other hand 
glucose is known to be produced in the kidney by 
gluconeogenesis (Fig. 1). 
The enzymes belonging to the above pathways are found 
to be present and distributed differentially in the kidney. 
The renal medulla is the major region for the production of 
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lactate from glucose by glycolytic enzyme (2,78) while the 
oxidative conversion of glucose to CO2 was shown in renal 
cortex (60,79). It was further demonstrated that although 
the net uptake of glucose was higher in the renal medulla 
than in cortex, the proportion of glucose oxidized to CO2 
was higher in cortex than medulla so that overall glucose 
oxidation was greater in renal cortex. Definite information 
about glucose oxidation rates in defined nephron subsegments 
is limited at present (64). In other words the contribution 
of each segment to glucose oxidation in the cortex and 
medulla is also unknown at present. However, the information 
about distribution of the enzymes of the above pathway is 
available from most of the subsegments of the nephron 
located in different parts of the kidney (2). Hexokinase 
(HK) and phosphofructokinase (PFK) which are key enzymes in 
glycolytic pathway are found in the highest concentrations 
in the MAL, the CKTI and collecting duct (CD). Much smaller 
activity of the above enzymes was demonstrated in other 
nephron segments, namely, proximal tubule located in cortex 
(80,81). Thus it appears that conversion of glucose to CO2 
via glycolysis and TCA cycle is prevalent in MAL, DCT and CD 
and the activities of glycolytic enzymes are low in the 
proximal tubules (64). The high activity of glycolysis in 
the medulla can not be correlated with the reduced O2 
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tension in that region because the prevailing PO2 in the 
normal medulla has been shown to be sufficient to support 
oxidation of other substrates such as succinate (79,82). 
Rather, the predominance of glycolysis to produce lactate in 
the aerobic environment may be due to the relatively low 
numbers of mitochondria in the medulla which leads to low 
ATP/ADP-Pi ratio in turn responsible for low NAD/NADH ratio 
in the cytoplasm (79) and eventually favours the production 
of lactate from pyruvate. Actually production of lactate 
from glucose can be supposed due to the predominance of M-
isoenzymes of lactate dehydrogenase (LDH) in the medulla 
(83-85). 
The HMP shunt pathway is another pathway by which 
glucose undergo oxidation. The enzymes of this pathway have 
been demonstrated in the kidney with relatively higher 
activity in DOT and MAL (2,64).The contribution of the shunt 
pathway to overall glucose oxidation appears to be small 
under normal conditions compared to glycolysis or TCA cycle 
as has been shown in rats , rabbits and dogs 
(60,86,87).However, the importance of this pathway was 
realised under stimulatory situations such as matabolic 
acidosis, respiratory alkalosis and angiotensin where the 
activity of the enzymes involved in HMP-shunt pathway was 
found to be increased considerably (88,89). The enhanced 
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activities of the enzymes was related with the increased 
production of NADPH which is considered to support 
biosynthetic processes and to be involved in hydrogen ion 
secretion (90,91). 
As far as the availability of glucose is concerned, it 
can be taken up as well as produced by the kidney. The 
production of glucose is accomplished by the process of 
gluconeogenesis and the enzymes of this pathway have been 
identified in the kidney (2,61,62). Kida et al (92) has 
demonstrated that the kidney contributes some 20-30% of 
blood glucose under normal conditions which can increase 
almost upto 50* in acidosis, fasting and diabetes mellitus 
(93). It has been observed that the key enzymes of 
gluconeogenesis, such as phosphoenol pyruvate carboxykinase, 
glucose-6-phosphatase and fructose-1,6,-bisphosphatase are 
exclusively present in the proximal tubule located in the 
cortical part of the kidney (61,94). Further the activity of 
the above enzymes was found to be differentially distributed 
both in the proximal convoluted and proximal straight 
tubules (62,63). 
b) Inter and intra renal heterogeneity of proximal tubules 
(PT) 
The concept of nephron heterogeneity was first 
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introduced about 150 years ago by William Bowman who pointed 
out that glomeruli are distributed throughout the cortex and 
that glomeruli situated in the deep cortex are larger than 
those in the superficial cortex (95). Some twenty four years 
later Jacob Henle confirmed Bowman's findings (96). Later in 
early twenteith century Karl Peter described two nephron 
populations and G.C. Huber in the same year (1909) pointed 
out that due recognition be given to the structural and 
morphological characteristics of the mammalian renal tubule. 
However much attention was not focussed on the renal 
heterogeneity until 1947. With the development of new 
technique, number of workers have addressed this problem in 
the last twenty five years. Both inter and intra nephron 
heterogeneity has been described in mammalian Kidney. The 
discussion henceforth will be limited to only tubular 
heterogeneity both at structural and functioal level. 
Structural and/or functional differencess) between 
proximal convoluted tubules (PCT) of superficial cortex and 
juxtameduliary cortex representcs) inter nephron 
heterogeneity, whereas differences between early segment and 
late segment of proximal tubule of a single nephron 
represents intranephron or axial heterogeneity. The nephron 
classification system fundamentally is based on the cortical 
location of their glomeruli and / or on the length of their 
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loops of Henle. According to the recent view nephrons are 
classified into three groups :superficial cortical nephrons-
have glomeruli located approximately 0.5 to 1 mm below the 
capsular surface.Midcortical nephrons- have glomeruli 
situated in the mid cortex deep to the superficial nephrons 
but above the juxtamedullary nephrons. Juxtamedulla ry 
nephrons- have glomeruli located immediately above the 
corticomedullary junction (Fig.2). Generally, the most 
superficial nephrons have "short loops" (or even cortical 
loops) and deep nephrons have long loops. Besides the 
differences in the glomerular diameter, proximal tubular 
length, filtration rate, epithelial permeability and 
transport characteristics, transepithelial voltage 
differences and distribution of various enzyme activities, 
are other factors that contribute to distinguish different 
nephron populations (97,98). In inter-nephronal 
heterogeneity, proximal convoluted tubules of superficial 
nephrons always touch the surface of the kidney, whereas 
convolutions from midcortical-nephrons do so infrequently 
(99) and then tend to run perpendicular to the cortical 
surface, whereas proximal convolutions from juxtamedullary 
nephron run perpendicular to and intertwine with medullary 
rays. In most mammals juxtamedullary nephrons have longer 
proximal tubule (pars recta included) then superficial 
18 
\ ^ 
Fig. 2. Schematic representation of the three groups of nephrons 
c l a s s i f i e d according to the pos i t i ons of t h e i r g loaeru l i . 
Nephron Segnents are label led a s : 
Proxi»al convoluted tubule (PCT): pars riicta (PR): descending 
th in l inb of Henle (DTLH): ascending th in l inb of Henle (ATLH): 
•edul la ry thick ascending limb of Henle (MTALH): cor t i ca l th ick 
ascending limb of Henle (CTALH): d i s t a l convoluted tubule 
(DCT): connecting segment (CS): i n i t i a l col looting tubule 
(LCD: c o r t i c a l co l lec t ing tubule (OCT): outer medullary 
co l l ec t i ng tubule (OMCT): inner medullary col lect ing tubule 
(IMCT): papi l la ry col lec t ing duct (PCD),, 
19 
nephrons (100-103). Juxtameduliary proximal convolutions are 
approximately 25% longer and have a significantly greater 
diameter than superficial convolutions (99). 
In intra nephron or axial heterogeneity, the proximal 
tubules have been divided into three distinct morphological 
subsegments Si, S2 and S3. The early PCT both in superficial 
and juxtameduliary nephrons is defined as SI-segment and can 
be identified by its attachment with glomeruli on one side. 
The cells are tall (10-12 urn) having a long (3 um) brush 
border and extensive iterdigitations between lateral cell, 
margin of adjacent cells (99,104). S2 is defined as the late 
superficial proximal convoluted tubule, early superficial 
proximal straight tubule and late juxtameduliary proximal 
convoluted tubule. Thus in consisting of rest of the 
convolutions and entire pars recta (straight portion) in 
cortical portion of the kidney. CJells of S2 segments are 
shorter, with shorter brush border and less extensive 
lateral and basal infoldings than SI cells (99,104). S3 is 
located principally in the outer stripe of outer medulla and 
is terminal superficial proximal straight tubule and entire 
juxtameduliary proximal straight tubule. S3 is identified by 
its medullary location and by its connection with thin limbs 
on distal part. Superficial pars recta is long and contains 
S2 and S3 cell types whereas JM-pars recta is short and made 
20 
of predominantly S3 sub-segments (99).All S3-subsegment5 
(pars recta), as they descend from cortex into the outer 
stripe of the outer medulla change from S2 to S3 cell type. 
Thus the outer stripe of the outer medulla contains proximal 
tubular cells but only the S3 type (99). S3cells are 
cuboidal and have the longest brush border, fewest 
mitochondria, least basolateral invaginations and least 
developed endocytic apparatus of all three proximal tubular 
cell types (105). Peroxisomes are most numerous in S3 cells 
(105) . 
Besides morphologic differences, the functional inter 
and intra nephronal differences have also been observed in 
proximal tubule. Functional differences mostly coincide with 
the morphologic subdivisions. In early PCTT (Sl-segment) 
oxidative metabolism, Na/K ATPase activity and active 
transport are relatively high, allowing very efficient Na-
coupled net reabsorption of glucose, aminoacids, phosphate 
and net secretion of hydrogen ions (106). In S2 cells, 
glucose. Pi and H+ transport capacities are still noticeable 
and progressively decrease along proximal convolution (106). 
Finally, in S3, Na^ /K ATPase activity , Na+-transport is 
found to be relatively low. However, the transport of 
organic acids and bases is main concern of the S3 segments, 
proximal heterogeneity also exists in regard to hormonal 
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action and some other adaptive changes (107).In the proximal 
tubule on the apical cell border well developed and closely 
packed microvilli form the brush border. The luminal 
membrane contains a number of specific carrier systems for 
the reabsorption of transport of ions and solutes (108). It 
is well established that in proximal tubule, brush border 
membrane is the rate limiting site by which most of the 
fluid (.upto 65%). Na+ ions (65%) and most of the solutes are 
reabsorbed (48,109,110,111). It is also the site for the 
regulation of the reabsorptive properties by the adaptive 
changes and by the stimuli (48). 
c) Structure and function of ki(3ney in pathophysiologic 
situations 
In mammals, the kidney plays a major if not unique role 
in controlling body fluid homeostasis. Indeed, in regard to 
mineral balance, salt intake is not controlled, and the 
kidney is the main pathway of salt excretion. In regard to 
water excretion, the kidney is again the main regulatory 
route of exit. As a whole kidney plays important role in 
maintaining the body fluid volume, compositions and the pH. 
Recent investigations have shown that over 20 hormones or 
other physiological mediators are involved in the control of 
kidney functions. Vasopressin, aldosterone, parathyroid 
hormone eg., enhance urine concentrations, sodium 
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reabsorption and phosphate (Pi J excretion respectively. 
Glucocorticoids, progesterone, vitamin D, thyroids hormones 
IT3/T4), glucagon, insulin, angiotensin II, calcitonin, 
atrial natriuretic factor (ANF), neuromediators (aCj , *ei2 
and I?)- adrenergic agents, serotonin, dopamine), and local 
mediators (prostaglandins, bradykinin etc )ar€ also known to 
regulate kidney functions. The need for hormonal control of 
the kidney probably results from its heterogeneity, itself 
related to strategy developed to overcome the complexity of 
its functions (112). 
The glomerular ultrafiltrate is elaborated into 
•jrme cy transport processes across the wall of the renal 
ruDuie. However, transport systems are not uniformiy 
distriruiec along the nephrons shows a marxed heterogeneity 
with specific transport properties (113 J. The functional 
organization of the renal tubule provides a great number of 
different transepitheiial transport processes with limitea 
transporting protiens.Indeed the active transport of only a 
few solutes (eg. Na"^ , K"^ , H"^ , Oa'^^, Pi)is usually directly 
coupiea to cell oxidative metabolism through the activty of 
specific pumps eg., Na'*'/K'^  ATPase etc. The functional 
organization necessiates the existence of external sensors 
that in response to alterations of plasma concentrations of 
a given solute, can send hormonal messages to the different 
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nephron cells or segments specifically involved in the 
transport of that molecule. Since inorganic phosphate (Pi) 
is essentially required for many of cellular processes and 
its reabsorption in the proximal tubule at BBM site is 
regulated by different hormones and drugs, the following 
discussion will be limited to renal phosphate handling in 
pathophysiological conditions. 
The renal proximal tubule in the cortex is the maior 
site ror Pi transport in the presence of Na"*" and its BBM is 
the main regulatory site. Renal Pi reabsorption is affected 
by several hormones such as PTH (114-116), calcitonin 
(117,118), and glucocorticoids (119-121) are strongly 
phosphaturic and inhibits Na-gradient depedent BBM Pi 
transport. Phosphate reabsrption and the activity of Na"*"-Pi 
cotransport system in the BBM are increased in parallel by 
the administration of thyroxine (T4) (122-124), 
triiodothyronine (T3) (125-127) and growth hormone (128). 
The Na -Pi cotransport in BBM isolated from superficial 
cortex (BBHV-SC) and juxtamedullary cortex (BBMV-JMC) showed 
differential kinetic properties of the transport and are 
susceptible differentially to regulation by some of the 
above hormones and other non-hormonal stimuli. PTH, 
calcitonin, and thyroid hormones (T3/T4) modulates BBM 
transport of Pi predominantly in BBMV-JMC, dietary phosphate 
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deprivaticn predominantly in BBMV-SC while ANF and 
nicotinamide to similar extent both in BBMV-SC and BBMV-JMC. 
In most of the cases the maximum capacity of the transport 
'-V'maxJ is changed with minor or no change in the affinity 
I Km -' . 
Besides hormones and certain drugs renal adaptation 
of Pi transport is usually defined in a physiological sense 
as an adjustment of tubular Pi reabsorption to changing 
supply or demand for the ion. In more biochemical sense 
adaptation can be defined as an increase or decrease in the 
number of Fi transport systems in the BBM. Such adaptations 
are reflected by an increase or decrease in the Vmax of Na -
Pi cotransport activity in the BBM. This may not only occur 
in response to variations in dietary supply of Pi but also 
as a secondary event in situations where the primary or 
acute Changes of Pi reabsorption are produced by different 
cellular mechanisms. Pi transport in BBMVi, s; changes m 
parallel to renal reabsorption of Pi under various physiolo-
gical conditions. The Na'^  -Pi cotransport activity is 
increased in Pi depleted (LPD.' animals '.129-135) and after 
prolonged administration of T3 or T^ (. 122-124" and growth 
hormone 1^28.'. It is decreased in Pi loading (HPD.i and by 
administration of PTH ^114-116) and glucocorticoids 
1120.136 i. 
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Acuie chajiqes ci acid-Dase nalance are aiso associatea 
witn cnanqes of renal Pi reansorpticn and excretion 
U37,i:-i8). It has oeen shown that Fi reatisorption is 
stimulated cy pH increases in the lumen Dut only when [PiJ 
in the tuDuie ana in the celxs is low; at elevated [PiJ in 
either coiripartment the pH dependence of Pi reabsorption is 
reoucec: or lost (io9-i4o;. Thus metabolic acidosis reduces 
tne 'ir 1 rearsorpiion U44-150) while alKaiosis increases it 
1140,145). 
in tne ce^ -iuiar mechanism of Pi reabsorption Dcth 
snort-term ano long-term regulations are indicated (151). In 
snort-terrc regulation aiiosteric regulation and activation-
inacti-.-ation miechanismis are involved incluamg co-vaieni 
moaif ications ; eg . phosphorylation , riDosyiation , m.ethylation 
eic). l^or.q-zerm regulation or adaptation usually involves ae 
novo syntnesis ci tne transporter molecules. The aata 
accumuiatea during tne past few years suggest that tne 
factors that affect renai Pi transport can be categorizea 
witnm tne framie wcrK of enzyme regulation type mechanismis. 
However. inf critiat ion on the N"a"^-cotrQnsport is grossly 
insufficient. Recently Pi transport protein has been cloned 
in rats, rabbits and humans 1152' and such studies are m 
progress ana exact mecnanism involved in the transport of 
Pi is exf'ecied tc be known soon. 
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It has been proposed that alkaline phosphatase 
(AlkPase), a known BBM enzyme might be involved in Pi 
transport across the membrane. This proposal was based on 
the observations of parallel changes of AlkPase and Pi 
transport activity in different animals under various 
experimental conditions (133-135). However, there may be an 
indirect link between AlkPase and Pi transport, a direct 
involvement of AlkPase in Pi transport has been clearly 
ruled out (153,154). Another mechanism was also proposed 
which is based on NAD'*"-hypothesis (155-161). Stimulation of 
renal gluconeogenesis was associated with reduced Pi 
reabsorption under various physiological conditions, such as 
PTH administration, gluco-cortcoid administration,starvation 
and chronic metabolic acidosis (157,160). Stimulation of 
gluconeogenesis is associated with increased utilization of 
reducing equivalents (NADH) , increased NAD"*^-NADH ratio and 
increased free tNAD^] in the cytosol of kidney cells 
(157,160,162). In vitro experiment Pi uptake was inhibited 
when NAD"*" was added to BBM suspension (160). It was 
suggested that NAD by ADP-ribosylation to BBM may inhibit Pi 
transport. PTH effect on Pi transport was proposed to be 
mediated by cAMP-dependent phosphorylation (158,163-165). 
However, the evidences are not sufficient by both the 
mechanism for an involvement of these reactions in the 
regulation of Pi-transport. 
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Scope of this dissertation 
Mammalian kidneys are heterogenous structure^consisting 
of distinct structural and functional tissue zones, e.g. 
cortex, outer medulla and inner medulla. The fundamental 
architectural unit of the kidney the 'nephron' runs through 
these tissue zones (166; also exhibit structural functional 
inter- and intra-nephronal heterogeneity (167). The kidney 
plays vital role in the maintenance of body fluid volume and 
chemical composition and also maintain acid-base balance by 
virtue of its reabsorptive properties (168). The proximal 
tubule is the major nephronal site for the reabsorption of 
large amount of water and various solutes and ions. The 
sodium ions and inorganic phosphate (Pi) are reabsorbed by 
active transport system located at the brush border membrane 
of tne proximal tubules on the expenditure of energy which 
is supplied by the hydrolysis of ATP. There exists a direct 
or indirect link between the metabolic activity of the 
proximal tubular cells and its transport capacities. 
Many different hormones, drugs, pathophysiologic 
situations and dietary Pi intake change the rate of Pi 
transport across the renal brush border membrane (BBM) which 
probably reflects the central role of proximal tubular 
reabsorption in renal handling of Pi. In most of these 
situations, the change in Pi reabsorption is accompanied by 
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a specific change in the capacity of the Na-dependent 
transport system (36-44) which is also regulated 
differentially in different populations of the proximal 
tubules. Since kidney functions are known to be altered by 
various drugs, pathophysiologic situations and dietary 
intake of Pi, proteins and carbohydrates it is expected that 
kidney would adapt to its best capacity for the maintenance 
of a positive balance of various nutrients including Pi 
under various imbalanced dietary conditions afflicted due to 
socio-economic. religious and environmental conditions or 
customs. hunger and malnutrition, high or low contents of 
dietary proteins, carbohydrates, fats, short term fasting or 
starvation and long term fasting such as Islamic fasting of 
Ramadan practiced by muslims world-wide. 
The Icng-term aim of the present research is tc 
determine the effects of short-term and long-term fasting 
I. like hunger or religious fasting): and variations in 
dietary composition in such' a way to equate with the dietary 
consumption of various societies representing malnutrition, 
and dietary imbalances (e.g. Pi-depleted diet, high 
carbohydrate, fat or protein diets; on the renal handling of 
Pi and cellular metabolism. However, the immediate aim of 
the study is to determine the effect of fasting and fasting-
refeening on the striirtiire and functions of the kidney in 
general and the proximni tiibnie in parti m i sr . 
MATERIALS S METHODS 
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MATERIAL 
Animals 
Adult albino rats (Wistar strain) were purchased from 
Experimental Animal Facility Centre, AIIMS, New Delhi and 
Jamia Hamdard University, New Delhi. 
Substrates of carbohydrate metabolism enzymes 
D-Glucose-6-phosphate for glucose-6-phosphate dehydro-
genase and glucose-6-phosphatase, Pyruvate-Na for lactate 
dehydrogenase, oxalocetate for malate dehydrogenase, L-malic 
acid for malic enzyme, fructose 1,6 diphosphate for fructose 
bis-phosphatase, P-nitrophenyl phosphate for acid 
phosphatase were purchased from SRL, India. 
Substrates of marker BBM enzymes 
P-Nitrophenyl phosphate for alkaline phosphatase was 
purchased from SRL. India and g-glutarayl p-nitroanilide for 
g-glutamyl transpeptidase and L-leucine p-nitroanilide for 
leucine aminopeptidase were purchased from Sigma Chemical 
Co., USA. 
Radio Chemicals 
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Tntiated proline (L- H-Pro) and radioactive phosphate 
(•^ "^Pi) were purchased from BARC, India. 
Miscellaneous 
The chemicals used were of finest quality commercially 
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available and their sources are indicated against them, 
Glass distilled water was used in all experiments. 
CHEMICAL 
Acetic acid 
Ammonium molybdate 
Bovine serum albumin 
Cholestrol 
Cocktail-T (Scientillation liquid) 
Copper sulphate (CuSO^) 
Cysteine hydrochloride 
Di-potassium hydrogen ortho-
phosphate 
Ether 
Ferric chloride (FeCl3; 
Ferrous sulphate iFeSO^) 
Folin's Phenol reagent 
Glycine 
Glycylglycine 
N-2-Hydroxy ethyl-piperazine 
N-2-ethane sulphonic acid (HEPES) 
Hydrochloric acid (HCl) 
Magnesium chloride (MgCl2) 
Nicotinamide adenine 
dinucleotide phosphate (NADP) 
Nicotinamide adenine 
dinucleotide reduced (NADH) 
E. Merclt, India 
Glaxo, India 
Sisco, India 
J.T. BaJcer Chemical Co., 
USA 
Sisco, India 
BDH, India 
Sigma Chemical Co., USA 
Oualigens, India 
E. Merck, India 
Ranbaxy Lab., India 
Ranbaxy Lab., India 
Loba Chemical Co., India 
E. Merck, India 
Loba, India 
Sigma Chemical Co., USA 
E. Merck, India 
Oualigens, India 
SRL, India 
SRL, India 
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P-Nitroanilide 
P-Nitrophenoi 
Potassium chloride (KCl) 
Potassium dihydrogen orthophos-
phate 
Sodium arsenate 
Sodium carbonate (Na2C03) 
Sodium chloride (NaCl) 
Sodium lauryl sulfate (SDS) 
Sodium potassium tartarate 
Sulfuric acid (H2SO4) 
Tri-chloroacetic acid (TCA) 
Tris-Oase 
Sigma Chemical Co., USA 
Loba Chemical Co., India 
Glaxo, India 
Qualigens, India 
Romali,American Preparate 
Qualigens, India 
E. Merck, India 
CDH, India 
Qualigens, India 
Qualigens, India 
Loba Chemical Co., India 
Sigma Chemical Co., USA 
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METHODS 
AnAff&J-S 
Adult albino rats (Wistar Strain) of either sex were 
housed in separate cages and were given a standard diet 
lAmrut, Maharashtra) and tap water was provided ad. libetum. 
The rats were put on experimental diet conditions as 
described in the "Results". 
Blood collection 
Before sacrificing the rats 2.0 ml of blood was 
withdrawn from the left iugular vein with the help of a 
disposable syringe. Serum was collected by centrifugation at 
5000 rpm tRemi Centrifuge, India) for 10 minutes from the 
coagulated blooQ samples. 
Urine collection 
3-4 rats of each group were Kept in metabolic cages and 
the urine was collected for 3 hours on the day of 
experiment. 
On the day of experiment, the rats from various groups 
were sacrificed under light ether anesthesia. The kidneys 
and the liver were removed accordingly and kept in ice cold 
buffered saline a54 mM NaCl, i mM Tris-HEPES, pH 7.5). The 
homoqenates were prepared for further analysis and for the 
isolation of membrane fraction (in the case of the kidney; 
as described on the following pages. 
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1. Preparation of homogenates from whole cortex, 
superficial and iuxtamedullarv cortices and liver lor 
enzyme analyses 
Kidneys and livers from various groups of rats were 
removed and kept in ice cold buffered saline, pH 7.5. For 
whole cortex study, the kidneys were cut longitudinally and 
the cortical tissues were dissected out carefully and kept 
in fresh saline solution. For superficial and juxtamedullary 
studies, the kidneys were cut transversely and the tissues 
from superficial cortex (SO and juxtamedullary cortex (JMC) 
were dissected out carefully as described by Yusufi et, al 
(185) (all the steps are carried out at 0-4°C, unless 
otherwise specified). Enough tissue material from cortical 
tissues (WC, SC & JMC) and liver was homogenized (15^ 
homogenate, wt/vol) with O.l M Tris-HCl, pH 7.4 in a Potter-
Elvehelem homogenizer (passing 8 pulses) fitted with Teflon 
pestle. The homogenate thus obtained was centrifuged at 400D 
rpm (2000xg) for 10 min in a cooling centrifuge (Beckman, 
32-21) and the supernatant of 2000xg was used for enzyme 
assays. 
2. Preparation of BBMV from whole cortex (WC). superficial 
& iuxtamedullary cortices (SC & JMC) 
Cortical tissues from the kidneys of various groups (3-
4 rats in each group were pooled and BBMV(s) were prepared 
simultaneously by the method of Schimitz et a^ (186 ) using 
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MgCi2 tor the precipitation of membranes other than BBM as 
described by Yusufi and Dousa (154) and outlined in Fig. 3. 
All the solutions used were prefiltered through 0.45 um 
Millipore filters and the BBMV(s) preparations were carried 
out at 0-4°C (unless otherwise specified). 
(i) Cortical tissues (l gm/5 ml) were homogenized in a 
buffered solution (50 mM mannitol, 2 mM Tris-HEPES, pH 7.0) 
with four complete passes in a Potter-Elvehejem homogenizer. 
(ii) The homogenate was diluted with the above buffer 
solution (1 gm/20 ml) followed by polytron homogenization at 
high speed (Ultra-Turrex T25, Germany) with three pulses, 
30s each and 30s interval in between each pulse. Aliquots of 
cortical homogenate were saved and quicKly frozen for 
further analysis. 
(iii) 1 M MgCl2 was added to the homogenate (final cone. 10 
mM) and was kept for 20 min with intermittent shaking. The 
homogenate was then centrifuged at 2000xg (4000 rpm) for 10 
min in a Beckman J2-21 refrigerated centrifuge and the 
pellet was discarded. 
(iv) The supernatant was recentrifuged at 35000xg (17000 
rpm) for 30 min and the pellet thus obtained was resuspended 
in a small volume (1-2 ml) of the solution containing 300 mM 
mannitol, 5 mM Tris-HEPES, pH 7.4, with four complete passes 
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RAT RENAL CORTEX 
CORTICAL 
HOMOGENATE 
50 mM MANNITOL 5 mm 
TRIS-HEPES, pH 7.0 
HIGH SPEED HOMOGENIZATION 
(Ultra-Turrex) 
BBMV IN 
HOMOGENATE 
+ 2 
Mg PRECIPITATION & CENTRIFU-
GATION AT 2000 X g FOR 10 MIN, 
PELLET 
DISCARDED 
BBMV IN 
SUPERNATANT 
BBMV PURIFICATION 
BY CENTRIFUCATION 
AT 35000Xg FOR 30 
MIN. 
BBMV 
SUSPENDED IN 300 
mM MANNITOL 5 mM 
TRIS-HEPES,pH 7.4 
Fig. 3 : Schematic representation of BBMV Preparation 
from rat renal cortex 
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by a loose fitting Dounce homogenizer (Wheaton, USA) and the 
volume was raised to 10-15 ml. 
(V) The above suspension was centrifuged again at 35000xg 
(17000 rpm) for 20 min in 15 ml corex glass tube. The white 
outer fluffy portion of the pellet was resuspended carefully 
in a small volume of buffered 300 mM mannitol, leaving the 
darR brown mitochondrial contamination undisturbed. 
(vi) The suspension thus obtained was homogenized by Douncer 
(Wheaton. USA) or passed through a needle no. 21. Aliquots 
of membrane suspension were quickly frozen for protein and 
enzyme analysis. Transports of solutes were determined in 
freshly prepared membrane as described later. 
METHODS FOR ANALYSES 
A. Ssnm Deprotelnatlon 
The serum samples were deproteinated by adding 4.5 ml 
3% TCA to 0.5 ml serum. After 10 min incubation at room 
temperature the samples were centrifuged at 2000x g (4000 
rpm in Remi Centrifuge) for 10 min. Supernatant was used to 
quantitate serum creatinine and inorganic phosphate (Pi) and 
the precipitate was saved for total serum phospholipid (PL) 
analysis. Cholesterol was determined directly from serum 
samples. 
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B. Vrine samples 
Urinary phosphate (Pi) and creatinine was determined as 
described below. Before estimation, urine was diluted 1:2b 
with distilled water. 
i) Quantitative determination fil greatJ-nJ-Pe 
Creatinine was determined by the method of Levinson and 
MacFate (187). 
Solutions Used : 
10% NaOH - 10 gm NaOH dissolved in 100 ml 
distilled water. 
Saturated Picric Acid - 2.5 gms of Picric acid was dissol-
ved in 100 ml distilled water. The 
undissolved picric acid was filte-
red through Whatman No. 1 filter 
paper. 
Procedure : 
To 1 ml of the supernatant of diluted urine, l ml 10% 
NaOH and 4 ml saturated picric acid were added and incubated 
for exactly 20 min. h calibration curve was prepared 
simultaneously using known concentration of creatinine 
ranging between 2.0-50 ug. The samples and the standards 
were read at 520 nm in Spectronic 20 spectrophotometer 
(Bausch and Lomb) against a reagent blank. 
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ii) Determination Q± Inorganic pnQgpnate 
Inorganic phosphate was measured according to the 
method of Tausky & Shorr (188). 
Solutions Used : 
Ferrous sulfate (FeSO^)- 5 gm of FeS04 was dissolved in 10 
ml 10% (w/v) Ammonium molybdate in 
10 N H2SO4 and was diluted to 100 
ml with distilled water. 
Procedure : 
An aliquot of the sample was made to 1.8 ml with 
distilled water and 1.2 ml of freshly prepared FeSO^ reagent 
was added. A calibration curve was prepared simultaneously 
with test samples using the known concentrations of 
potassium dihydrogen orthophosphate (0.018 umoles to 0.28 
umoles.) as standard. The blue colour obtained was read after 
20 min at 820 nm in Spectronic 20 spectrophotometer (Bausch 
Sr Lomb) against a reagent blank. 
iii) Quantitative Determination of Total Serum Phospholipids 
(PL) 
Phospholipids were determined by digestion method with 
perchloric acid as described by Bartlet (189), modified by 
.Marinetti (190) and inorganic Pi thus released was measured 
by the iriethod as described by Tausxy and Shorr ( 188 ; . 
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Solutions Used : 
Perchloric Acid (70%) 
FeSO^ reagent (described as above in Pi determination;. 
Tne precipitates obtained from deproteination by TCA 
were digested with 1.0 ml perchloric acid (70%) on an 
electric digestion unit for about 45 min. On cooling to room 
temperature 1.0 ml distilled water was added to all the 
tuDes. Aliquots of 0.5 ml were used to determine the 
phosphate. The phosphate was determined by the method of 
TausKy and Shorr (183; as described above. A calibration 
curve was simultaneously prepared by using known 
concentrations of potassium dihydrogen orthophosphate (1.8 
ug to 36 ug) as standard. The phospholipid values were 
obtained after multiplying the phospholipid phosphorous by a 
factor of 25 . 
iv) Quantitative Determination of Cholesterol 
Cholesterol was estimated by the method of Zlatkis et, 
al (191 J . 
Solutions Used 
Glacial Acetic Acid 
Ferric Chloride (FeClj; FeClj reagent was prepared by 
diluting l ml of 10% ferric 
chloride (w/v) in glaciai ace-
tic acid to 100 ml of concen-
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— trated sulfuric acid. 
Procedure : 
To 3 ml of acetic acid, 30 ul of serum was added. To 
this, 2 ml of FeCl3 reagent was carefully added from the 
side of the tube to allow the formation of a brown ring. The 
tubes were shaken thoroughly, cooled and colour density was 
read in a Bausch and Lomb Spectronic-20 spectrophotometer at 
560 nm against a reagent blank. A cholesterol solution of 
known strength (0.02 to 0.2 mg) prepared in glacial acetic 
acid was used to prepare a calibration curve. 
C. Enzyme Assays 
The enzymes of carbohydrate metabolism were assayed in 
cortical (isolated from WC, SC & JMC) and liver homogenates 
and marker enzymes of brush border membrane were measured in 
CH and BBMV(s). All the enzymes were assayed at zero order 
kinetics cunless otherwise specified). One unit of enzyme is 
defined as the amount of enzyme required to catalyze the 
formation of one umol of product per minute or hour under 
the specified experimental conditions. Specific activity is 
defined as the enzyme units per mg of enzyme protein. 
i) Assay of carbohydrate metabolism enzymes 
The assays were carried out measuring the extinction 
changes in Calbiometer fixed for 340 nm in a final volume of 
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3.0 ml at room temperature (28-30°C). The net reaction rate 
was measured by the difference of the extinction values 
obtained from addition of the substrate and for actual 
enzymic reaction following the addition of the substrate. 
a) Glucose-6-phosphate dehydrogenase- (D-qlucose-6-
phospate: NADP Oxidoreductase: EC. 1.1.1.49): The enzyme was 
measured by the method of Shonk & Boxer (I9j2.) . Reaction 
mixture contained : Tris-HCl buffer, pH 7.4, 150 umoles; 
MgCl2 10 umoles; glucose-6-phosphate 5 umoles; NADP 0.24 
umoles and 0.6-1.2 mg enzyme protein. Increase in absorbance 
at 340 nm was followed for 5 min. 
b) Lactate dehydrogenase (L. lactate: NAD Oxidoreductase. 
E.G. 1.1.1.27) : The enzyme was assayed by the procedure of 
Kornberg (193). The reaction mixture contained : Tris-HCl 
buffer, pH 7.4, 150 uraoles; MgCl2 10 umoles; sodium pyruvate 
5 uraoles; NADH 0.24 umoles and enzyme protein 4.0-6.0 ug. 
Decrease in absorbance at 340 nm was followed for 5 min. 
c) Malic enzyme (L-malate j. NADP Oxidoreductase. E.C. 
1.1.1.40) : This enzyme was assayed following the procedure 
of Ochoa (.194). The reaction mixture contained : Tris-HCl 
buffer, pH 7.4, 100 umoles; MnCl2 10 umoles; L-malic acid 5 
umoles, NADP 0.24 umoles and 0.6-1.2 mg enzyme protein. 
Increase in absorbance at 340 nm was recorded for 5 min. 
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d) Glucose-6-phQspnatase (D-glucose-6-phosphate phosphohy-
drolase: E.G. 3.2.3.9) : This enzyme was assayed according 
to the method of Swanson (195) as modified by Shull et, al. 
(196). The reaction mixture contained : Tris-HCl buffer, pH 
7.4, 50 umoles; MgCl2 10 umoles; glucose 6-phosphate, 10 
umoles; and enzyme protein 2-3 mg. The reaction was stopped 
with 1.0 ml of 10^ TCh after 60 min and phosphorous 
estimated in the protein free supernatant by the method of 
Tausky £< Shorr 1188 ) . 
e) Fructose l.6-bi3phosphatase (D-fructose-l.6-diph-
osphate l-phosphohydrolase; E.G. 3.1.3.11) : This enzyme was 
assayed according to the method of Freedland and Harper 
(199). The reaction mixture contained : Tris-HCl buffer, pH 
8.6, 50 umoles; MgCl2 10 umoles; cysteine-HCl 12 umoles; 
fructose 1-6 diphosphate 10 umoles; and enzyme protein 600-
800 ug. The reaction was stopped by the addition of i.0 ml 
10% TCA after 60 min and the phosphorous was estimated in 
the protein free supernatant by the method of Tausky & Shorr 
(188 ) . 
ii) Marker t)rush border membrane enzymes assay 
The enzymes were assayed simultaneously in CH and 
BBMV(s) under similar conditions by using same solutions to 
avoid day-to-day experimental variations. Aliquots of CH and 
BBMV(s) were diluted with 10 mM Tris-HCl buffer, pH 7.5 to 
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ottain suitable enzyme protein concentration. 
a) fllKalin? phosphatase UJrKPQgg) <E.C. 3.1.3.1) This 
enzyme was assayed according to the method of Shah et, ai 
U34) as described by Kempson ei ai (1600. The reaction 
mixture contained: l.4 mi assay buffer (glycine, 55 mM; 
NaCi. 36 mM; NaOH, 45 mM; pH 10.5); 100 ul enzyme (35-40 ug 
tor CH, 4-8 ug for BBMV protein). The reaction was started 
with 15 ul p-nitrophenyl phosphate (5.8 mM final cone; and 
incubated at 37"C for the required time (5-20 min). The 
reaction was stopped by the addition of 50 ul 5 N NaOH. A 
calibration curve of standard p-nitrophenol (0.01-0.20 
umoles) was also prepared simultaneously. The color obtained 
was read at 405 nm in Spectronic-20 spectrophotometer 
iBausch S Lomb). 
b) q-Glutamvl transpeptidase (GGTase) (E.G. 2.3.2.2) 
This enzyme was assayed by the method of Glossmann and 
Neville (197) as described by Kempson et ai (16a) • The 
reaction was started by the addition of 100 ul enzyme (15-20 
ug for CH, 2-5 ug for BBMV protein) to 1.9 ml substrate 
buffer cMgCl2, -^^ ®^' g-glutamyl-p-nitroanilide, 2 raH; 
glycyl-giycine, 4 mM; Tris-base, 100 mM; pH 8.2) and 
incuoatea at 37^C for the required time (5-15 min). Tne 
reaction was stopped with 100 ul 15 M acetic acid. A 
calibration curve of standard p-nitroaniline (0.025-0.20 
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umoles; was prepared simultaneously. The color obtained was 
read at 405 nm against a reagent blank in Spectronic-20 
spectrophotometer. 
D. Protein determination 
Protein was measured by a modified method of Lowry et, 
al (198) as described by Shah et aJL (134). The sample was 
made to 0.8 ml with 0.5% SDS. In timed sequence 2.0 ml 
alKaline copper reagent was added and exactly after 10 min 
of incubation at room temperature (RT) 0.2 ml Folin's 
reagent (i N) was added with brisk shaking and incubated for 
30 min at RT. A calibration curve of standard BSA (5-80 ug) 
was prepared simultaneously. The blue color obtained was 
read at 660 nm against a reagent blank in Spectronic-20 
spectrophotometer (Bausch & Lomb). 
E. Transport 
Transport of phosphate (Pi), and L-proline was usually 
carried out by rapid filtration technique as described 
earlier by Yusufi el al (185) and briefly described as 
follows -
32 3 
Transport of Pi, and H-L-proline v;ere determined in 
either the presence or in the absence of Na-gradient (NaCl 
or KCl in the medium) unless otherwise specified. In actual 
procedure 15 ul BBMV suspensions were delivered in 
triplicate and kept on ice. The samples were preincubated 
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for 1 min at 25°C and the transport was started by adding 30 
ul incubation media in a final volume of 45 ul (unless 
otherwise specified) containing 100 mM mannitol, 100 mM NaCl 
(or 100 mM KCl) and 5 mM Tris-HEPES, pH 7.5 and either O.l 
mM Pi or 0.025 mM L-proline. Transport was stopped after a 
specified time by adding ice cold stop reagent containing 
135 mM NaCl, 10 mM Na-arsenate, 5 mM Tris-HEPES, pH 7.5 and 
quickly filtered through 0.45 um Millipore filter. The 
filter was washed thrice with the stop reagent. After 
filtration, the filters containing membrane associated 
transporting molecules (radioisotope) were counted in a beta 
counter (RecK. beta, LKB Wallac) with lO ml of scintillation 
fluid (Cocktail-T, SRL). 
F. Statistical analysis of %he data 
All data are expressed as the Mean+SEH. To determine 
statistical significance, the data were evaluated using the 
t-test (group or paired). 
RESULTS 
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Experimental design 
Equal number (4 rats each) of albino rats (Wistar 
strain) of 160-175 gms body weight were housed in separate 
cages for introducing one, three and five days of fasting in 
them along with a parallel cage of normally fed rats as 
indicated in fig. (4). The rats were stabilized on a 
standard rat pellet diet (Amrut, Maharashtra, India) and ad 
libetum of 1% glucose water seven days before starting the 
experiment. Body weights of rats were recorded before and 
after introducing fasting in the rats. 
In the fasting-refeeding experiment albino rats (Wistar 
strain) of 160-175 gms body weight were taken. In the 
experimental design (fig. 5) three groups of rats (4 rats in 
each group) entered in the experimental protocol 
simultaneously. The rats were initially stabilized for 7 
days on a standard rat pellet diet and ad libetum of 1% 
glucose water. Group I was kept on a normal diet while the 
rats in Group II and III were deprived of the diet for the 
next 2 days. After 2 days of fasting, rats in Group III were 
given the diet while rats in Group II were continued to fast 
for another 2 days. On day 12 for fasting experiment (Fig. 
4) and on day 11 for fasting and refeeding experiment (Fig. 
5) of the protocol the animals were sacrificed under light 
ether anaesthesia. Kidneys and liver were quickly removed 
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and kept in ice-cold buffered saline (154 mM NaCl, 
Tris-HEPES pH 7.5). 
1 DAY FAST 
/ \ 
1 mM 
3 DAYS 
5 DAYS!FAST 
/ • 
NPD 
NORMAL;(NPD) 
FAST 
6 7 I 
Days 
Fig. 4 
9 10 11 12 
FAST 
NPD 
FRF (Fasted-Refed) 
>, (Gp III) 
(GpII) 
NPD 
3 4 5 6 7 8 
Days 
Fiq. 5 
(Gpl) 
9 10 11 
I. Effect of Fasting on Renal Proximal Tubules 
The present study describes the effect of 1, 3 or 5 d 
fasting on (a) various serum and urine biochemical 
parameters, (b) cellular metabolism in renal cortex and 
liver, (c) the activities of BBM-marker enzymes and, (d) 
transport functions of renal proximal tubular brush border 
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membrane ^ BBM). 
Experimental PgsJqn 
The experiments were conducted on Wistar rats of either 
sex. The rats of 100-125 g body weight were housed in 
separate cages. As shown in Fig. 4 four groups of rats (4 
rats per group) were stabilized on a standard diet for seven 
days and were given ad libetuin water for drinking. The rats 
were then fasted for 1, 3 or 5 d as indicated and received 
1\ glucose-water for drinking. One group of rats received an 
NPD and 1% glucose-water and used as control. The body 
weights were recorded before and upon completion of the 
experiment. Blood and urine were collected and the kidneys 
and livers harvested and utilized for further analyses as 
described in "Methods". The results of study are summarized 
as follows : 
a) Body Weights and Weights of Kidneys and Renal Cortex : 
The effects of i. 3, or 5 d fasting were determined on 
the body, the kidney and renal cortical tissue weights. As 
shown in Table l . the control rats on continuous feeding 
showed a significant increase (+42%) in the body weights as 
compared to the weights recorded at the start of the 
experiment (106.25+0.54). However fasted rats lost their 
body weights. Fasting for 1 d did not produce any 
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significant change in the body as well as kidney or the 
cortical tissue weights. However, 3 or 5 d fasting resulted 
in the significant lowering of body weight. The kidney and 
cortical tissue weights were also declined. 
b) ssnm ftM ur3.ng An^J-ygg? ; 
The results (Table 2, 3) showed that the content of 
serum and urinary creatinine was not affected by upto 5 d 
fasting indicating a normal functioning of the kidney. 
However, serum inorganic Pi declined but the statistical 
significance was obtained only in 5 d fasted rats (Table 2) 
while urinary Pi was significantly and progressively 
lowered by 3 and 5 d fasting (Table 3). There was not 
significant effect on serum or urine Pi and serum 
phospholipids iPL) and cholesterol (Ch) by 1 d fasting. 
However, serum PL and Ch significantly increased upon 3 or 5 
d fasting (Table 2) and Ch/PL ratio was declined after 5 d 
fasting. 
c) Effect on the structure and Transport Properties of 
Renal Proximal Tubules from Whole Cortex or from 
Superficial and Jnxtamedullarv Cortex. 
The effect of l, 3, and 5 d fasting was determined on 
the brush border membranes isolated either from whole renal 
cortex (UC) or from superficial (SO and juxtamedullary 
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TABLE 3 
Effect of fasting on urine Pi and creatinine, 
Group Phosphate Creatinine 
(umol/ml) (ug/ml) 
Control 1.57+.05 34.07+2.31 
1 d fasting 1.52+.03 34.81+6.32 
3 d fasting 1.23+.08* 32.01+6.55 
(-21.6%) 
5 d fasting 1.08+.02* 32.15+6.50 
1-31.2%) 
The results are expressed as Mean+SEM for n = 6 rats in each 
group, 
*Significantly different from Control, p < .05. 
The value in parentheses denotes percent change from Control 
values. 
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iJMC) cortex. The activities of certain marker enzymes or 
BBMV(s) were determined for structural studies while the 
•5 0 3 
transports of Pi and L-(H)-proline were determined to 
assess the functional properties of BBMV(s) isolated from 
rat renal cortex during fasting. 
(i) BBM-marker enzymes in BBMV-WC : The activities of 
alkaline phosphatase (AlkPase) and g-glutamyl 
transferase (GGTase) in BBMV(s) isolated from whole 
cortex during fasting are summarized in Table 4 and 5, 
respectively. The effect of fasting was differentially 
observed on the activities of the above enzymes. The 
activity of AlkPase declined (-14%) significantly in l 
d tasted rats compared to NPD-control rats. The 
activity was even further declined after 3 and 5 d 
fasting and the effect was in proportion to the 
duration of fasting (Table 4). In cortical homogenates 
iCH). the activity tended to decrease (-10%) after l or 
3 d fasting but statistically was not significant. 
However, after 5 d fasting the activity of AlkPase in 
CH was significantly declined (.-20%). 
On the other hand, the activity of GGTase was 
differentially affected by fasting (Table 5). In 
contrast to AlkPase the activity of GGTase was greatly 
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TABLE 4 
Effect Of fasting on AlKaline phosphatase (AlKPase) activity 
(whole cortex). 
Group BBMV CH 
Control 276.33+4.15 45.49+2.07 
1 d fasting 238.60+1.39* 41.18l.09 
(-13.6%) 
3 d fasting 213.40 + .64* 40.69+.24 
(-22.7%) 
5 d fasting 188.40 + .68* 35.96+.13* 
(-32%) (-21%) 
Results (specific activities expressed as umol/mg 
protein/hr) are Mean+SEM. 
*Significantly different from Control, p < .05 or higher 
degree of significance. 
The value in parentheses denotes percent change from 
Control values. 
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TABLE 5 
Effect of fasting on g-Glutamyl transpeptidase (GGTase) 
activity (whole cortex). 
Group BBMV CH 
Control 328.46+5.98 40.57+1.59 
1 d fasting 272.07 + 1.94* 40.00+.03 
(-17.2%) 
3 d fasting 200.75+1.18* 40.12+.01 
(-38.8%,' 
5 d fasting 264.54+1.80*' 47.91+.51*' 
(-19.4%) (+18.09%) 
Results (-specific activities expressed as umol/mq 
protein/hr.i are Mean + SEM. 
*Signiiicantiy different from Control, p •; .05 or Migner 
degree of significance. 
'significantly increased from 3 d fasted rats, p < .05. 
The vaiue in parentheses denotes percent change from 
Control values. 
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and significantly lowered in the BBMV(s) of 1 d (-17X) 
and 3 d (-39%) fasting. However, unlike AlkPase, the 
activity of GGTase was significantly increased (+32%) 
in 5 d fasted rats as compared to 3 d fasted rats. In 
CH, the activity remain unchanged after l or 3 d 
fasting while the activity was increased significantly 
in 5 d fasted rats. The activities of both AlkPase and 
GGTase in the BBMV(s) in control and fasted rats were 
several folds higher (x 5-9) from those of the CH 
values indicating a similar enrichment of the enzymes 
in BBMV(s) preparations in control and fasted rats. 
Kinetic studies on the effect of fasting indicate that 
the decrease in the activities of AlkPase and GGTase hy 
fasting was due to decrease in both Vmax and Km values 
(Table 6, 7 & Figs. 6, 7). In the case of AlkPase 
however, the Vmax were greatly reduced than Km values 
(Table 6), while both Vmax and Km similarly but 
effectively lowered after 1 and 3 d fasting. However, 
in 5 d fasted rats where the activity of GGTase was 
increased than 3 d fasted rats, both Vmax and Km were 
also increased (Table 7). 
(ii) The activities of AlkPase and GGTase in BBMV-SC and 
BBMV-JMC during fasting : When the effects of l, 3, and 
5 d fasting on BBM enzyme activities were analyzed in 
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TABLE 6 
Effect of fasting on kinetic parameters of Alkaline phosphatase 
(whole cortex). 
Group Vmax 
(umol/mg 
protein/hr 
% change 
from control 
Km X 10 ^M % change 
from Control 
Control 
1 d fasting 
5 d fasting 
5 d fasting 
12 5.00 
86 . 95 
0 2 . 5 U 
45 .4! 
3 0.40 
50. 00 
6 3.60 
0. 285 
0.217 
0. 196 
0.178 
- 23.80 
- 31.20 
- 37.50 
Results were obtained froiri Lineweaver-Burk plot (Fig. 6) 
58 
TABLE 7 
Effect Of fasting on kinetic parameters of g-Glutamyl transpepti-
dase (whole cortex). 
Group Vmax 
lumol/mg 
protein/hr) 
% change 
from control 
Km X 10 "^ M % change 
from Control 
Control 444.40 
1 d fasting 222.20 
3 d fasting 148. 10 
5 d fasting 200.00 
50 
66 
55 
2.000 
0.952 
0.645 
1 . 250 
52 
68 
37 
Results were obtained from Lineweaver-Burk plot (Fig. 7 J 
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plot of 
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Fig. 7; 
Effect of f a s t i n g on Lineweaver-Burk p l o t 
BBM-g-Glutamyl transpeptidase (whole c o r t e x ) . 
of 
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BBMV(s) isolated from superficial (BBMV-SC) and 
juxtamedullary cortex (BBMV-JMC), the fasting of rats 
resulted in the reductions of enzyme activities (Table 
8) but differentially from those of BBMV-WC effects 
(Table 4). The activity of AlkPase was markedly 
affected by i and 3 d fasting. There appeared to be 
greater decline in BBMV-SC than BBMV-JMC. However, the 
effect was most prominent in BBMV-JMC after 5 d 
fasting. The activities were also lowered in SC-H after 
1, 3 and 5 d but only after 5 d fasting in JMC-H (Table 
8; . 
In contrast to AlkPase, the activity of GGTase was 
lowered to greater extent in BBMV-JMC than BBMV-SC 
after 1 and 3 a fasting (Table 9). As was observed in 
BBMV-WC (Table 5J, the activity of GGTase increased in 
5 d fasted rats as compared to 3 d fasted rats more so 
in the BBMV-JMC than BBMV-SC. The activity of GGTase 
was also lowered in JMC-H after 1 and 3 d fasting and 
then significantly increased in 5 d fasted rats as 
compared to 3 d fasted rats. However, no significant 
effect of fasting was observed on GGTase activity in 
SC-H ^Table 9). 
Kinetic analyses indicate that decrease in AlkPase 
activity by fasting was largely due to the reduction in 
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TABLE 8 
Effect of fasting on Alkaline phosphatase (AlJcPase) activity in 
homogenates and BBMV(s) from superficial and deep cortex. 
iroup BBMV-SC CH-SC BBMV-JMC CH-JMC 
Control 171.0114.26 19.72+.42 147.02+3.61 15.51+1.40 
1 d fasting 121.72+2.07* 14.43+.13* 114.53+1.73* 15.24+2.72 
^-28.8%) (-26.8%) (-22.09%) 
3 d fasting 110.19+2.53* 13.96+.23* 101.21+2.36* 13.10+1.90 
(-35.5%) (-29.2%) (-31.1%) 
5 d fasting 106.68+2.42* 13.45+.18* 82.01+1.34* 10.71+.91* 
c-37.6%) (-31%) (-44.2%) (-30.9%) 
Results ^specific activities expressed as umol/mg protein/hr) are 
Mean+SEM. 
*Significantly different from Control, p < .05 or higher degree of 
significance. 
The value in parentheses denotes percent change from Control 
values. 
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TABLE 9 
Effect of f a s t i ng on g-Glutamyl t r a n s p e p t i d a s e (GGTase) a c t i v i t y in 
homogenates and BBMV(s) from s u p e r f i c i a l and deep c o r t e x . 
Group BBMV-SC CH-SC BBMV-JMC CH-JMC 
Control 189.95+4.49 23.00+.03 547.90+.01 61.90+.48 
1 d fasting 163.35+.81* 20.00+.02* 393.40+3.60* 52.80+1.40* 
(-14%) (-13%) (~2B.2%) (-14.7%) 
3 d fasting 153.80+4.38* 23.40+.03 338.20+1.38* 45.90+2.19* 
(-19.03%) (-38.2%) (-25.8%) 
5 d fasting 169.60 + 4.52 25.40+.24* 393.40 + 1.20* 58.00+.63 
(+10.4%) (-28.2%) 
Results (specific activities expressed as umol/mg protein/hr) are 
Mean+SEM. 
*Significantly different from Control, p < .05 or higher degree of 
significance. 
The value in parentheses denotes percent change from Control 
values. 
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Vmax values, however. Km values were also altered t)Ut 
not effectively (Table 10, Fig. 8.9;. The decrease in 
GGTase activity in 1 and 3 d fasted rats was due to 
marked reductions of both Vmax as well as Km values. 
However, both Vmax and Km sharply increased in 5 d than 
3 d fasted rats. This increase in Vmax and Km values 
was greater in BBMV-SC than BBMV-JMC (Table 11. Fig.iqil) 
which were even higher than the control rats. 
iii) The effect Qf_ l_^ 3_^ and 5. d fasting on certain enzymes 
of carbohydrate metabolism in SC. JMC and liver. 
To study the effect of fasting on the metabolic 
activity of kidney, the activities of certain enzymes 
related to carbohydrate metabolic pathways such as 
glycolysis, TCA cycle, HMP-shunt pathway and 
gluconeogenesis were determined in the homogenates of 
superficial (5C-H; and juxtamedullary (JMC-H) cortex. 
The metabolic activity of kidney was also compared with 
that of the liver. The activity of LDH, a 
representative enzyme of glycosis was differentially 
affected by fasting in the kidney tissues and the liver 
(.Table 12, Fig. 1^). In control rats the activity of 
LDH appears to be higher in JMC-H than SC-H or L-H. The 
activity of LDH declined in all the tisues upon 
fasting. The activity of the enzyme was lowered 
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TABLE 10 
Effect of fasting on kinetic parameters of Alkaline phosphatase 
(superficial and deep cortex). 
Group 
BBMV-SC 
Vmax 
umol/mq 
protein/hr 
Km X 10 -"M 
BBMV-JM 
Vmax 
umol/mg 
protein/hr 
Km X 10 -^M 
Control 
1 d fastinq 
111.1 
y5. 23 
(-14.3%) 
0.555 
0.526 
90 . y 
74. 07 
C - 1 8 . 5 % ) 
0.526 
0.476 
3 d fastinc / fc . y 2 
1-30.7% ) 
0.500 
(-10%) 
62. 5 
(-31 . 2%) 
0.512 
5 d fastinq 
I-4 0% ) 
0. 588 
i +6% > 
5 0.00 
(-45%) 
0.625 
(+18.8%) 
Results were obtained from Lineweaver-Burk plot (Fig. 8,' 
The value in parentheses denotes percent change from Control 
values. 
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Effect of fasting on Lineweaver-Burk plot of 
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Fig. 9: 
Effect of f a s t i n g of 
BBM-Alkaline phosphatase 
Lineweaver-Burk p l o t 
(deep cortex, JMC). 
of 
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progressively in proportion to the duration of fasting 
in tne kidney and the liver. The effect of fasting was 
greater in the kidney tissues than liver. The effect 
of 1, 3 or 5 d fasting on the activity of EJDH was more 
pronounced in JMC-H compared to SC-H where the activity 
was lowered to greater extent (50^ ;) after 5 d fasting 
(Tahle 12, Fig li). 
The activity of MDH, the enzyme of TCA cycle was 
similarly altered by fasting. Although there was a 
tendency but the enzyme was not significantly declined 
after 1 d fasting in all three tissues. Again the 
kidney enzyme was greatly decreased than the liver MDH. 
The activity of MDH was decreased to similar extent 
both in SC-H and JMO-H after 3 d fasting. However, the 
effect of 5 d fasting appeared to be slightly greater 
in JMC-H than SC-H ^Table 13, Fig. it). 
As can be expected, the decrease in LDH and MDH 
activities due to fasting appeared to be due to non-
availability of glucose to be metabolized as glucose or 
glycogen are not present in large quantities in the 
kidney. The activities of FBPase and G6Pase 
(gluconeogenic enzymes) were accordingly affected by 
fasting. The activities of these enzymes significantly 
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increasea in J d fasted rats and the increase of FBPase 
was mucn greater in SC-H (+51%) as compared to JMC-H 
(.+t)X) . Similarly the activity of G6Pase was increased 
differentially in SC-H (+24%) and JMC-H (+20%). The 
activities were sharply increased after 3 d and 5 d 
fasting (Table 14, 15 & Fig. 14, if; ). In 5 d fasted 
rats the activity of FBPase and G6Pase were increased 
to almost by 100% in SC-H, however only to 20-30% in 
JMC-H. The results indicate that the process of 
gluconeogenesis was increased sharply during fasting 
and glucose seems to be produced from non-carbohydrate 
sources e.g. from fatty acids or the metabolites of 
proteins. The activities of FBPase and G6Pase were also 
changed in liver in the same direction as kidney 
enzymes did. However, as the decrease in LDH and MDH 
activities were less in liver, the increase in 
gluconeogenic enzymes were also less in fasted rats as 
compared to control rats (Table 14, 15; Fig. 14, i.') . 
The activities of G6PDH (an enzyme of HMP-shunt 
pathway) and ME (an enzyme of biosynthetic importance 
together with G6PDH to supply NADPH) were also 
increased in fasted rats than control rats. The 
activities which were higher in the kidney tissues than 
liver increased significantly both in the kidney and 
77 
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81 
liver (Table 16, 17; Fig. 16, 17). The activity of 
G6PDH was increased markedly in SC-H (84%) and liver 
(105%) but to a lesser extent in JMC-H (16%) after 1 d 
fasting and further increased after 3 d fasting by 122, 
330, and 28% in SC-H, L-H and JMC-H, respectively. 
Although, the activity was increased to rise in SC-H 
(187%) and L-H (438%) after 5 d fasting the increase 
was most pronounced in JMC-H (266%) after 5 d fasting 
(Table 16, Fig. 16) . 
The activity of ME was significantly increased 
after 1 d fasting only in JMC-H (33%) and not in SC-H 
and L-H (Table 17; Fig. 17). There was a moderate 
increase in ME activity in JMC-H (36%) and L-H (26%) in 
3 d fasted rats but not much in SC-H (+11%). The 
activity was however, further increased after 5 d 
fasting both in kidney tissues as well as in the liver 
(43%). The maximum increase was observed in JMC-H 
(62%). The increase in ME activity due to fasting was 
less pronounced as compared to the activity of G6PDH. 
iv) Effect Qf. L.. 3_L. and 5. d. fasting on the transport of 
"^ E^i and ^H-L-Proline bx BBMV(s). 
(a) BBMV(s) Isolated from whole cortex : 
The effect of 1. 3, and 5 d fasting was determined 
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86 
on the transports of 32Pi and 3H-L-Proline in 
BBMV(s) isolated from whole cortex. As shown in 
Table 18 (Fig. l8), the transport of ^^Pi in the 
presence of a Na-gradient (Na^ > Naj^ ) was markedly 
lowered (-58%; -43%) by l d fasting in the uphill 
phase (5S and 20s). The Na-gradient-dependent 
transport of '^ "^ Pi was further declined after 3 or 
5 d fasting by -65% and -72% at 5s and by -44% and 
32 . 
-56% at 20s, respectively. However, Pi uptake 
was not altered at equilibrium (120 min) by l, 3 
or 5 d fasting. The marked decrease in Na-
22 
dependent uptake of Pi was also apparent when 
calculated as A% (percent overshoot). The 
transport of ~*^ Pi, however, was not affected when 
determined at 120 min in the absence of a Na-
gradient tNaCl is replaced by KCl in the 
incubation medium). 
In the same preparation of BBMV(s), the Na-
gradient dependent uptake of H-L-Proline was also 
significantly lowered in the uphill phase (5s) by 
1 d (-23%) and 3 d (-40%) fasting but not after 5 
d fasting. The decrease in the transport was 
dependent on the duration of fasting. After 5 d 
fasting Na-dependent uptake of L-proline was 
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Fig. 18; 
Effect of fasting on time course 
of Na-gradient dependent 32p^ 
uptake by BBMV(s) of whole 
cortex. 
Results are Mean + SEM. 
*Si9nificantly different from 
Control, p < .02 or higher degree 
of significance. 
markedly increasec, ^0% as compared to 3 d 
fasting values and v not significantly different 
from control valuec able 19). The Na-dependent 
and Na-independent uptake of L-proline at 
equilibrium point (12C mini were not altered by l, 
3, or 5 d fasting, indicating similar intra-
vesicular volume. 
b) Transports of ~^ P^i and '^H-L-Proline in BBMV(s) 
isolated from superficial (SO and juxtamedullarv 
cortex (JMC) after 1. 3. and 5. d fasting : 
As Shown in Table 20 (Fig. 19. ?-C) , Na-gradient-
32 . dependent (NaQ > Ha^) uptake of Pi was also 
significantly lowered both in BBMV-SC and BBMV-JMC 
in the uphill phase by i day fasting. The Na-
32 dependent uptake of Pi was further decreased 
progressively after 3 6 and 5 d fasting in BBMV-SC 
and BBMV-JMC. The effect of fasting on "^ P^i uptake 
appeared to be greater in BBMV-SC than BBMV-JMC. 
The Na-dependent uptake at equilibrium (120 min) 
was not altered by fasting both in BBMV-SC and 
BBMV-JMC. 
Kinetic analyses of Pi transport indicate that 
in the control rats the Vmax of the transport was 
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TABLE 20 
32 
Effect of fasting on Na-gradient dependent uptake of Pi in 
BBMV-SC and BBMV-JMC. 
BDHV-SC BBHV-JMC 
5 Sec. 20 Sec. 120 mm. A ' . 5 Sec. 20 Sec. 120 min, A >. 
Control 53].3016.68 793 .39 t l5 .19 254.50t20.2 211.6 242 .17 t l5 .3 609.73t38.8 235.31t3.78 149.5 
1 d f a s t i n g 326.10l27.40 463.26l l4 .84 225.1010.70 105.8 195.31125.1 413.28l38.0 230.40121.6 79.3 
(-39,3^.1 (-41,6^.) 
3 d f a s t i ng 292.90*14.60 408.40*29.70 234.4018.40 74.2 105.4115.46 ' 398.43*48.1 205.60*19,7 93.7 
(-45.4^,) (-48.511 (-56^.) 
5 d f a s t i ng 184.fl7l30.70 297.22l l5 .70 218.41*20.10 50.5 97.91+16.4 ' 230.8718.7 200.48*19.0 15,1 
(-65,7^) (-62.51) (-59.51) (-62^) 
R e s u l t s (pmol/mg p r o t e i n ) a r e Mean+SEM. 
A% P e r c e n t o v e r s h o o t a t 20 S e c . d e t e r m i n e d a s a p e r c e n t 
change i n u p t a k e s from 120 min . 
S i g n i f i c a n t l y d i f f e r e n t from C o n t r o l , p < .05 o r h i g h e r 
d e g r e e of s i g n i f i c a n c e . 
The v a l u e i n p a r e n t h e s e s d e n o t e s p e r c e n t change from C o n t r o l 
v a l u e s . 
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Effect of fasting on time course 
of Na-gradient dependent ^^Pj^ uptake 
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Effect of fasting on time course of 
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different from 
05 higher degree of 
94 
much h i g h e r i n BBMV-SC than BBMV-JMC as a l s o 
32 
reported earlier (J85 ) . The uptake of Pi was 
significantly lowered by fasting due to marked 
decrease both in Vmax and Km values (Table 21, 
Fig. 21 , 2'^). The decrease in Vmax and Km values 
by fasting was most pronounced in 1 d fasted rats. 
Although Vmax and Km values were further decreased 
after 3 and 5 d fasting but to a lesser extent. 
The reduction in Vmax values due to fasting was 
also greater in BBMV-SC than BBMV-JMC (Table 21, 
Fig. :,..:, 2.. >. 
The transport of H-L-Proline as observed in the 
BBMVtsj isolated from whole cortex was also 
decreased in the uphill phase only after l and 3 d 
fasting but not after 5 d fasting (Table 22) both 
in BBMV-SC and BBMV-JMC. Like "^ P^i uptake, the 
uptake of L-proline appeared to be greatly 
affected in BBMV-SC than BBMV-JMC. After 5 d 
fasting the uptake of L-proline was increased as 
compared to 3 d fasted rats again both in BBMV-SC 
and BBMV-JMC. The Na-dependent uptake at 120 min 
was not affected by i, 3, or 5 d. fasting. 
95 
TABLE 21 
3 7 Effect of fasting on Kinetic parameters of Na-dependent Pi 
uptake as a function of an external Pi concentration by BBMV-SC 
and BBMV-JMC. 
broup 
BBMV-SC 
Vmax 
i.uniol/niq 
protein/10 sec) 
Km X 10 "^ M 
BBMV-JMC 
Vmax 
(uraoi/nig 
protein/10 sec) 
Km X 10 ^ M 
Control 15 3( 0 
1 d fastinq 1176.4 
t-5 0 5i J 
0. 7 6 
(-45s;) 
8 8 8.8 
(-42?o) 
0.54 
(-43%') 
3 d fastinq 7 2 7. 2 
( -6 9?i), 
0,52 
(-62%) 
533.3 
(-65%) 
0 . 3 6 
( - 6 2 % J 
5 d fasting 563. 3 
(-76%) 
0.4 
(-70.8% ) 
470.5 
(-6 9%) 
0.32 
(-6 6.3%; 
Results were obtained trom Linevveaver-Burk plot (Fig. 21 & 22) 
The value in parencheses d€;notes percent change from Control 
values. 
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» 1 d f a s t i n g 
A 3d -fasting 
• 5d f a s t i n g 
Fig. 21: 
Effect of fasting on Lineweaver-Burk plot of 
Na-gradient dependent 32p^ uptake as a function 
of an external P. concentration by BBMV-SC. 
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u 005 r 
O 
O Control 
* I d f Q S t i n g 
A 3 d f Q S t i n g 
• 5dfQSting 
Fig . 22: 
Effect of fas t ing on Lineweaver-Burk p l o t of 
Na-gradient dependent 32p^ uptake as a func t ion 
of an external P. c o n c e n t r a t i o n by BBMV-JMC. 
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II. Eftgct Ql FagXing a M Fastlnq-RefegOinq OR ihs. structure 
AM FVnqtiong QL Renal cortical Proximal Tubules 
As fasting of rats resulted in the alterations of 
32 
certain enzyme activities and BBM transport of Pi and L-
proline in the proximal tubules, an experiment was designed 
to determine whether refeeding to the rats with an NPD can 
reverse the effects of fasting. As shown in Fig. 5, three 
groups of rats entered simultaneously in the studies and 
received a standard (NPD) diet for 7 d. One group of rats 
were continued on an NPD and used as Controls. The rats in 
Group-II and III were fasted for 2 d. While the rats in 
Group-Ill were refed with an NPD for 2 d, the rats in Group-
II were continued to fast for another 2 d. All rats during 
the experiment received 1* glucose water for drinking. Upon 
completion of the experiment the rats were lightly 
anesthetized with ether, blood and urine samples were 
collected as described in "Methods" and kidney were removed. 
The body weights of the rats were recorded at the start of 
the experiment and on the day of sacrifice. Serum and urine 
were analyzed for certain biochemical parameters. BBMV(s) 
were isolated from whole cortex (BBMV-WC) and the activities 
Of BBM-marker-enzymes, and transports of Pi and H-L-
proline were determined in BBMV-WC to determine the effect 
of fasting and refeeding and the results are summarized as 
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described below ; 
Body A M Kidney Weights : 
The control rats gained weight during 4 d experiment 
period. The rats fasted for 4 d resulted in the loss of body 
weight as also observed earlier (Table l). The body weight 
of fasted-refed rats was slightly higher than their initial 
body weight but lower than those of control rats as can be 
expected. The weights of kidney and cortical tissue was 
slightly lowered by fasting and recovered during refeeding 
(Table 23). 
b) Serum and Urine Parameters : 
There was no effect of fasting and fasting-refeeding on 
serum and urinary creatinine contents (Table 24, 25). 
Serum and urine Pi were significantly declined in 
fasted as compared to control rats. Serum and urine Pi 
were slightly improved by refeeding of fasted rats but 
not significantly (Table 24, 25). There was a 
significant increase in serum PL (+39%) and Ch (+29%) 
in fasted rats than control rats. However, serum PL 
content was normalized by refeeding but serum Ch was 
slightly increased than fasted rats. However, Ch/PL 
ratio slightly decreased in fasted rats, while it was 
significantly increased (+43%) in fasted-refed rats 
even surpassed the control values. 
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TABLE 24 
Effect Of fasting and refeeding on serum parameters. 
Group Phosphate Creatinine Phospholipids Cholesterol C/P 
(umol/ml) (ug/ml) (ug/ml) (mg/ml) ratio 
Control 1.91 + .02 22.05 + 2.51 458.7 + 12.7 2.67+.12 .0058 
4 d fasting 1.66+.01* 21.46+2.29 639.3+18.9* 3.45+.17* .0053 
(-13%) (+39.3%) (+29.2%) 
2 d fasting- 1.72+.01* 21.32+.76 442.5+6.25 3.68+.27* .0083 
2 d refeeding (-10.2%) (+37.8%) 
Results are expressed as Mean+SEM for n = 10 rats in each group. 
*Significantly different from Control, p < .05 or higher degree of 
significance. 
The value in parentheses denotes percent change from Control. 
C/P = Cholesterol versus phospholipids ratio. 
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TABLE 25 
Effect Of fasting and refceding on urine Pi and creatinine, 
Group Phosphate Creatinine 
cumol/ml) (uq/ml) 
Control 1.43+0.10 31.07+0.80 
4 d fasting 0.99+0.11* 30.09+1.39 
(-31%) 
2 d fasting- 1.06+0.03 30.80+3.54 
2 d reteeding c-25.8%) 
5 d fasting 1.08+0.02* 32.15+6.50 
(-24.5%) 
The results are expressed as Mean+SEM for n = 10 rats in 
each group. 
*Significantly different from Control, p < .05. 
The value in parentheses denotes percent change from 
Control values. 
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c) ThS. activities oL BBM-marRer enzyH>€5 in BBMV-WC = 
As observed earlier the activities of AlkPase and 
GGTase in BBMV(s) were significantly decreased by 
fasting (Table 26, 27). The effect of fasting for 4 d 
was much greater on the activity of GGTase (-43%; Table 
27) than AlkPase (-14%; Table 26). Refeeding to fasted 
rats resulted in the increase of BBMV(s) enzyme 
activities. The activity of AlkPase was increased by 
11% while the activity of GGTase was profoundly 
increased (+83%) than the fasted rats. Kinetic analyses 
of GGTase activity indicate that decrease in the 
activity due to fasting and increase due to refeeding 
was due to alterations of both Vmax and Km values. 
However, the effect on Vmax seems to be slightly 
greater than Km values (Table 28, Fig. 23). 
d) Effect of fasting and fasting-refeeding on the 
transport of "^ P^i in BBMV-WC. 
The results summarized in Table 29 and 30 indicate that 
op 
Na-gradient dependent (Na^ > Na^ )^ transport of Pi in 
the uphill phase (5Sand 20s) was significantly lowered 
upon 4 d fasting (Table 29^ |C However, the uptake at 120 
min was not altered as also observed earlier (Table 18 
& 20). The refeeding of fasted rats resulted in the 
significant increase of Na-gradient dependent transport 
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TABLE 26 
Effect Of fasting and refeeding on Alkaline phosphatase 
(AUcPase) activity (whole cortex). 
Group BBMV CH 
Control 154.22+2.53 28.16+1.62 
4 d fasting 132.74+5.18* 23.55+0.61* 
(-14%) (-16%) 
2 d fasting- 147.58+1.56 23.36+1.29 
2 d refeeding 
Results (specific activities expressed as umol/mg 
protein/hr; are MeaniSEM. 
*Significantly different from Control, p < .05 or higher 
degree of significance. 
The value in parentheses denotes percent change from 
Control values. 
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TABLE 21 
Effect of fasting and refeeding on g-Glutamyl transpeptidase 
(GGTase) activity (whole cortex). 
Group BBMV CH 
Control 193.31+8.64 34.61+0.03 
4 d fasting 109.53+7.70* 33.01+1.89 
(.-33 . iX) 
2 d fasting- 200.70+14.4 33.03+0.87 
2 d refeeding 
Results ^specific activities expressed as umol/mq 
protein/hr) are Mean+SEM. 
*Significantly different from Control, p < .05 or higher 
degree of significance. 
The value in parentheses denotes percent change from 
Control values. 
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TABLE 28 
Effect of fasting and refeecJing on kinetic parameters of g-
Glutamyl transpeptidase (whole cortex). 
Group Vmax 
iumol/mg 
protein/hr) 
X change 
from preced-
ing group 
Km X 10 '^M % change 
from preced-
ing group 
Control 285.77 
4 d fastinq 2 2 2.22 22 
0.90 
0.76 - 15 
2 d fasting- 500.00 
2 d refeedinq 
+ 12! 1 .42 + 66 
Results were obtained from Lineweaver-Burk plot (Fig. 2J') . 
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. 04 r 
03 
O Control 
4 4 d fasting 
• 2d fast ing - 2 d refeeding 
F i g . 23; 
E f f e c t of fas t ing and re feed ing on 
Lineweaver-Burk of BBM-g-Glutamyl transpeptidase 
(whole cor tex ) . 
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TABLE 29 
32 Effect of fasting and refeedmg on Pi uptake in BBMV(s) from 
whole cortex. 
Group 
Na-gradient dependent (Na^ > Na^ )^ 
5 Sec. 2 0 Sec. 120 min. ^\% 
Control 410.66+19.20 729.55+19.9 249.64+39.7 129.24 
4 d fasting 249.42+33.20* 348.50+37.6* 238.17+26.7 46.32 
(-39.2%) (-52.2%) 
2 d fasting- 376.00+2.38 617.92+14.5* 205.79+26.9 200.26 
2 d refeeding 
Results (pmol/mg protein) are Mean+SEM. 
A% Percent overshoot at 20 Sec. determined as a percent 
change in uptakes from 120 min. 
*Significantly different from Control, p < .05 or higher 
degree of significance. 
The value in parentheses denotes percent change from Control 
values. 
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Effect of fasting and refeeding on 
t i n e course of Na-gradient 
dependent 32 p^ uptake by BBMVts) 
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*Significantly different from 
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TABLE 30 
32 
Effect of fasting and refeeding on K-gradient Pi uptake in 
BBMV(s) from whole cortex. 
Group 
K-gradient dependent (KQ>KJL) 
30 Sec. 120 min. 
Control 145.2+4.2 200.00+18.6 
4 d fasting 131.4+2.2 185.00+31.5 
2 d fasting- 153.3+6.5 175.00+12.84 
2 d refeeding 
Results (.pmol/mq proteinj are Mean+SEM. 
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of 32Fi t)ut was still lower than the control values. 
The Na-dependent uptake of "^^ Pi at 120 min (Table 29) 
and Na-independent (Table 30) uptake of ^^Pi at 30s or 
120 min in the presence of a K -gradient (KQ > K^) were 
not altered by fasting or refeeding. 
e) Effect of fasting and fasting-refeedlng on the 
transport of ^^Pi in BBMV-SC and BBMV-JMC. 
The effect of fasting and fasting-refeeding on the "^  Pi 
uptake was also determined in BBMV-SC and BBMV-JMC. The 
results summarized in Table 31 indicate that initial (5 
s) Na-gradient dependent Pi uptake was significantly 
lowered after 4 d fastingj^ The effect was appeared to 
be greater in BBMV-SC than BBMV-JMC. The recovery of 
Pi uptake due to refeeding to fasted rats was also 
observed to be more in BBMV-SC than BBMV-JMC. Kinetic 
analyses also showed similar observations (Table il, 
Fig. n , 23). 
f) Effect of fasting and fasting-refeeding on the 
activities of certain enzymes of carbohydrate 
metabolism In superficial and juxtamedullary cortex and 
the liver homogenates. 
As observed earlier (Table 12, 13), 4 d fasting 
resulted in marked decrease of LDH and MDH activities. 
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TABr.r: 31 
E f f e c t of f a s t i n g and r e f e e d i n g on N a - g r a d i e n t dependent 
uptake of Pi in BBMV-SC and BBMV-JMC. 
BBKV-SC BBMV-JHC 
Group '-
5 Sec, 20 Sec. 120 niin. A \ 5 Sec. 20 Sec. 120 niin. A 
Control 647.83135.1 1211.09*39.67 311.77110.6 288.4 336.36117.5 841.29127.3 297.59l4 ,84 194.4 
4 d f a s t i n g 395.94127,8 758.48l33.67 291.71l27.C7' 160.0 247.50116.5 509,50112.4 260.2114.2 95.8 
\-l%m (-37.3 )^ (-26.41) (-39.4) 
2 d fasting 590.63121.7 ' 917.34124,2' 307.9113.1 197.9 312.65120.2' 713.66l29.8' 285.83123.8 149,5 
2 d refeeding 
R e s u l t s ( s p o o i r i c . i c t i v i U i o K oxproHBod on pinoi/nKj p r o t e i n ) 
a r e MeantSEM of t h r e e d i f f e r e n t e x p e r i m e n t s . 
A% P e r c e n t o v e r s h o o t a t 20 S e c . d e t e r m i n e d a s a p e r c e n t 
c h a n g e i n u p t a k e s f rom 120 m i n . 
* 
S i g n i f i c a n t l y d i f f e r e n t from C o n t r o l a t p < .05 o r h i g h e r 
degre;e s i g n i f i c a n c e . 
' s i g n i f i c a n t l y d i f f e r e n t from 4 d f a s t e d r a t s , p < . 0 5 . 
The v a l u e i n p a r e n t h e s e s d e n o t e s p e r c e n t change from C o n t r o l . 
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Fig. 25; 
Effect of fasting and refeeding on 
time course of Na-gradient 
dependent 32p^ uptake by BBMV-SC. 
Results are Mean + £>EM. 
*Significantly different from 
Control, p < .05 or higher degree 
of significance. 
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TABLE 22 
Effect Of fasting and refeeding on the kinetic parameters of Na-
dependent Pi uptake as a function of an external Pi 
concentration by BBMV-SC and BBMV-JMC. 
BBMV-SC BBMV-JMC 
Group Vmax Km x 10 M Vmax Km x 10 M 
umol/mq umol/mg 
protein/lOS protein/lOS 
Control 7272.72 7.14 3076.9 2.94 
4 d fasting 1538.46 2.38 2105.2 1.61 
t-79%) C-66.6%) (-67.5%) (-45) 
2 d fas t ing 4000.0 3.84 1000.0 2.63 
2 d refeedinq 
Resul t s were obta ined from Lineweaver-Burk p l o t (F ig . 27 b 28) . 
The value in pa ren these s denotes percent change from Control 
va lues . 
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Fig. 27 
Effect of fasting and refeeding on 
Lineweaver-Burk plot of Na-gradient dependent 
^2pj^ uptake as a function of an external P. 
concentration bv BBMV-SC. "" 
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Effect of fasting and refeeding on 
Lineweaver-Eurk plot of Na-gradient dependent 
^2pj^ uptake as a function of an external P. 
concentraticn bv BBMV-JMC. •" 
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The effect was evidently greater in JMC-H than SC-H 
(Table 33, 34, Fig. 2i', 1:^0). Refceding to fasted rats 
significantly increased the activity of the enzymes 
towards the control values. There was less recovery in 
JMC-H than SC-H. In contrast to LDH and MDH, the 
activities of FBPase, G6Pase (gluconeogenic enzymes), 
G6PDH (HMP-shunt pathway) and malic enzyme (ME) were 
significantly increased in 4 d fasted rats (Table 3b-
38, Fig. .::-;'T). The increase of FBPase and G6Pase was 
markedly greater in SC-H than jMC-H, while G6PDH and ME 
were markedly increased in JMC-H than SC-H. Refeeding 
to fasted rats resulted in the complete normalization 
in the activities of above enzymes (Table 35-38, Fig. 
.-.-.--f). The activities of the metabolic enzymes in L-H 
of fasted rats were affected to lesser extent than the 
kidney enzymes except the activity of G6PDH which was 
maximally changed. Refeeding of rats was also able to 
normalize the enzyme activities (Table 33-38, Fig. 2'.-
^ T ) . The results indicate differential effects of 
fasting and fasting-refeeding on the enzymes of 
carbohydrate metabolism differentially in SC-H, JMC-H 
and L-H. 
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F i g . 29: 
Effect of f a s t i n g and refeeding on t h e s p e c i f i c 
a c t i v i t i e s of Lactate dehydrogenase in 
homocenates of SC, JMC and l i v e r . 
Each bar r e p r e s e n t s r e s u l t s Mean + SEM. 
' '"Significantly d i f f e r e n t from Cont ro l , p < .05 
or higher degree of s i g n i f i c a n c e . 
•S ign i f i can t ly i nc r ea sed from 4d f a s t ed r a t s , 
p < .05. 
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Effect of fasting and refeeding on the specific 
activities of Malate dehydrogenase in 
homogenates of SC, JMC and liver. 
Each bar represents results of Mean + SEM. 
'Significantly different from Control, p < .05 
or higher degree of significance. 
Significantly increased from 4d fasted rats, 
p < .05. 
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Fig. 31: 
Effect of f a s t i n g and refeeding on the s p e c i f i c 
a c t i v i t i e s of Fructose 1,6-bisphosphatase in 
honogenates of SC, JMC and l i v e r . 
Each bar r e p r e s e n t s r e s u l t s of Mean + SEM. 
*Sicn i f i can t ly d i f f e r e n t from Cont ro l , p < . 0 5 . 
'S ign i f i can t ly dec reased from 4d f a s t e d r a t s 
p < .05 . 
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F i g . 32; 
Effect of fast ing and refeeding on the spec i f ic 
a c t i v i t i e s of Glucose 6-phosphatase in 
h o m o g e n a t e s of SC, JMC and l i v e r . 
Each b a r r e p r e s e n t s r e s u l t s of Mean + SEM. 
^ S i g n i f i c a n t l y d i f f e r e n t from C o n t r o l , p < - 0 1 . 
• S i g n i f i c a n t l y d e c r e a s e d from 4d f a s t e d r a t s , 
p < . 0 5 . 
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Fig . 33; 
Ef fec t of f a s t i ng and re feed ing on the s p e c i f i c 
a c t i v i t i e s of Glucose 6-phosphate dehydrogenase 
i n horaogenates of SC, JMC and l i v e r . 
Each bar r ep resen t s r e s u l t s of Mean + SEM. 
*S i cn i f i c an t l y d i f f e r e n t from Con t ro l , p < .05 
or higher degree of s i g n i f i c a n c e . 
I 
'Significantly decreased from 4d fasted rats, 
p < .05. 
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Fig. 34: 
Ef fec t cf f a s t ing and r e feed ing on the s p e c i f i c 
a c t i v i t i e s of Malic enzyme in homogenates of 
SC, JMC and l i v e r . 
Each bar r ep resen t s r e s u l t s of Mean + SEM. 
* S i g n i f i c a n t l y d i f f e r e n t from Con t ro l , p < .05 
or h igher degree of s i g n i f i c a n c e . 
•S ign i f i c an t l y decreased from 4d f a s t e d r a t s , 
p < . 0 5 . 
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Jt nas Deen demonstrated that depravation oi dietary 
pnosphorus caused alterations in the body phosphate iPi; 
homeostasis via reabsorption of Pi across proximal tubular 
BBM in renal cortex i 36,41,43.110 ) . This deprivation of 
dietary phosphorus can be produced either by feeding of a 
low phosphorus diet iLPD.' or by starvation. The aims of the 
present research were to study the effects of fasting and 
fasting-refeeding on the 
a) activities of certain enzymes of carbohydrate metabo-
iism m renal superficial and iuxtameduliary cortex and 
liver; 
D) activities of marKer BBM enzymes in the nomogenates ana 
BBHV t s.) isolateo froin whole cortex, superficial ana 
iuxtameduliary cortex; 
c.' transport activities of '^ '^ Pi and/or "^H-L-proline in 
BBKV-WC. BBMV-SC and BBMV-JMC, and 
d.' serum and urine Pi. 
It was an etfort to find the mechanism oi Pi 
homeostasis ana to establish any linK if exists between the 
BDove biochemical parameters. 
The results indicate that 1, 3 and b d fasting resulted 
in the loss of body weights liable J) ana they were regainea 
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to some extent when 2 d fasted rats were refed for 2 d 
(Table 23). Serum and urine contents of creatinine were not 
altered by either fasting or refeeding rats, an indicator 
for normal kidney functions under these conditions. However, 
serum and urine Pi were significantly decreased in 
proportion to the duration of fasting (Table 2, 3, 24, 25) 
but only slightly improved by refeeding (Table 24, 25). In 
contrast to Pi, serum PL and Ch were increased by 3, 4, 5 d 
fasting (Table 2, 24) while they were accordingly returned 
towards control values by refeeding (Table 24). It is well 
established that both serum and urine Pi levels decline due 
to fasting and can be restored to some extent by refeeding 
(Ki'i). These results are in agreement with earlier reports 
(169;. However, serum PL and Ch during fasting and refeeding 
were not characterized earlier. Thus the present study 
provides new information on serum PL and Ch during fasting 
and refeeding. The increase of PL and Ch in serum due to 
fasting appeared to be released in the blood by degeneration 
of membrane components to maintain a positive Pi balance in 
the body. 
BBM enzymes 
The activities of marker BBM enzymes e.g. AlKPase and 
GGTase were also affected by fasting and refeeding although 
differentially. The activity of AlkPase declined in 
proportion to the duration of fasting and the maximum 
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decrease was observed after 5 d fasting (Table 4, 26) Doth 
in CH and in BBMV-WC and refeeding of rats resulted in the 
increase of ADcPase activity as compared to fasted rats but 
only in BBMV-WC and not in CH (Table 26). Kinetic analysis 
indicate that the decrease in ADcPase activity in BBMV-WC 
was due to decrease in Vmax values however, the affinity of 
the enzyme was increased (decreased Km). There may be a link 
between serum Pi and BBM-AlkPase activity as in many (but 
not all) situations the activity of BBM-AlkPase and serum Pi 
level change in parallel (43,157,170,171,172). However. Pi-
depletion (LPD) causes an opposite effect in which serum Pi 
and AlkPase activity both increase (173,174,175,176). The 
activity of GGTase was altered differentially by fasting and 
refeeding ^Table 5, 27). The activity in BBMV-WC was lowered 
by 1, 3 and 4 d fasting but after 5 d fasting, it was 
significantly increased as compared to 3 d fasting (Table 
5). Refeeding to fasted rats also increased the activity of 
GGTase towards the control values (Table 27). Kinetic 
analysis showed that the decrease in the activity was due to 
decrease in both Vmax and Km values (Table 7. 26; in i, 3 or 
4 d fasted rats while the increase in the activity either 
due to s d fasting or due to refeeding was also due to 
increase m both Vmax and Km values. The effect of refeeding 
was much greater in that where both Vmax and Km values were 
even mucn more higher than control values (Table 26). When 
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tne effect of fasting was studied in BBMV-SC and BBMV-JMC, 
the activity of AlkPase was appeared to be lowered to 
greater extent in BBMV-SC than in BBMV-JMC at least in 1 or 
3 d fasted rats (Table 8). However, the activity of GGTase 
was greatly and evidently lowered in BBMV-JMC than BBMV-SC 
in 1 or 3 d fasted rats (Table 9) and similar to whole 
cortex studies the activity was increased in 5 d fasted as 
compared to 3 d fasted rats to much greater extent also in 
BBMV-JMC than BBMV-SC. Kinetic analyses indicate that the 
decrease in AlKPase activity was largely due to decrease in 
Vmax values both in BBMV-SC and BBMV-JMC and the alterations 
in Km values were not as greater as observed in BBHV-WC 
(Table 10.'. However, the alterations in GGTase activity due 
to fasting both in BBMV-SC and BBMV-JMC (Table 11) were by 
Vmax as well as Km effects. The increase in the Vmax and Km 
values in 5 d fasted than 3 d fasted rats (as also observed 
in BBMV-WC was much greater in BBMV-SC than in BBMV-JMC. 
These results clearly indicate a differential effect of 
fasting and/or refeeding on the enzyme components of 
proximal tubular BBM. 
Transport studies 
As reported earlier by Kempson et, aj, (169) that Na-
qradient dependent ~^ P^i transport decreases by 3 or 4 a 
lasting, the result of the present study indicate that Na-
dependent "^ "^ Pi uptake in BBMV(sj isolated from whole cortex 
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in the initial time-phase (5 or 20s) was markedly lowered by 
1 d fasting even without alterations in the serum and urine 
Pi. The uptake of "^ Pi was further decreased after 3,4 or 
5 d fasting (Table 18, 29), however, with simultaneous 
decrease in serum and urine Pi. The uptake at equilibrium or 
in the absence of Na was not changed. In the same 
preparations of BBMV-WC, Na-gradient dependent uptake of L-
proline was also lowered in 1 or 3 d fasted rats. In 
contrast to '^ P^i, the uptake of L-proline was increased in S 
a fasted as compared to 3 d fasted rats cTable 19). 
The uptakes ^Pi and L-proline were differentially 
affected by i, 3, 4 or 5 d fasting in BBMV-SC and BBMV-JMC 
(.Table 20, 21, 2.2, 31, 32). The effect of fasting on "^  Pi 
uptake appeared to be greater in BBMV-SC than BBMV-JMC. The 
effect was due to both Vmax and Km reductions. However, Vmax 
was declined to greater extent than Km (Table 21). The 
uptake of L-proiine was also lowered to much greater extent 
in BBMV-SC than BBMV-JMC but only after l or 3 d fasting. 
However, the increase in L-proline uptake in 5 d fasted as 
compared to 3 d fasted rats was much greater in BBMV-JMC 
than BBMV-SC (.Table 22 >. 
It has been proposeo that AlkPase may be directly or 
mairectly invoivea in the Pi transport and the activity of 
AlkPase changes in parallel with that of BBM uptake of ^Pi 
137 
in many situations (43,157,170,171,172). Similarly GGTase 
was also implicated in the transport of amino acids probably 
involving g-giutamyl cycle (178,179). In the present 
studies the activity of GGTase and the uptake of L-proline 
also changed in parallel. While both were decreased in 1 or 
3 d fasted rats, they were both simultaneously increased in 
5 d fasted rats as compared to 3 d fasted rats in BBMV-WC, 
BBMV-SC and BBMV-JMC. The results thus are suggestive of a 
possible role of GGTase in the transport of L-proline at 
least during fasting. 
Reieedinq to fastea rats resulted in the reversal oi 
the effect of fasting on the uptakes of ^Pi in BBMV-WC and 
BBMV'is; from SC and JMC . Na-gradient-dependent uptake of 
•^ P^i was increased in the uphil phase in BBMV-WC (Table 29). 
The 5s uptaKe of "^ "Pi was lowered to greater extent in BBMV-
SC (-39^ ) than BBMV-JM (-2b%), by 4 d fasting also it was 
recovered to greater extent in BBMV-SC (+49%) than BBMV-JMC 
(+26%) by refeeding (Table 31). The results are also 
supported by the kinetic analysis (Table '31). These results 
are in general agreement with some of the previous studies 
(180) but the results of BBMV-SC and BBMV-JMC is a new 
information. 
Metabolic enzyme studies 
Since the transport functions of the kidney require an 
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expenditure of energy which is mainly supplied as ATP by 
glycolysis and/or TCA cycle. The activities of certain 
"enzymes of glycolysis, TCA cycle, gluconeogenesis, HMP-shunt 
pathway and of biosynthetic importance were determined in 
fasted and refed rats. The results indicate that the 
activity of LDH, an enzyme of glycolysis was lowered 
significantly by 1, 3 or 5 d fasting in the homogenates of 
SC, JMC and also in the liver (Table 12). The activity of 
the enzyme was higher in JMC-H than in SC-H in agreement to 
the fact that glycolysis is predominant in the cortex than 
in the medulla (1,2). The activity was decreased with 
increasing duration of fasting. Similarly the activity of 
MDH (TCA cycle enzyme) was also significantly lowered by 3 
or 5 d fasting but not by l d fasting (Table 13), however, 
to similar extent both in SC-H and JMC-H. The activities of 
both LDH and MDH were also lowered in L-H but to lesser 
extent than Kidney enzymes (Table 12. 13). Since the 
glycogen is not present in the Kidney and the glucose is 
also present in the limited amount, the activities of both 
LDH and MDH were lowered due to non-availability of glucose 
to be metabolized due to fasting (1,63,180,181). Hence, the 
generation of ATP appears to be impaired and the transport 
functions are affected. As the food is restored during 
refeeding the activities of both LDH and MDH were also 
returned towards the control values both in SC-H and JMC-H. 
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Tne recovery of both the enzymes was much greater in JHC-H 
than SC-H (Table 33,34). 
It has been shown that carbohydrates are utilized first 
during the fasting and then the supply of energy is 
maintained by the metabolism of fats and protein. It has 
also been demonstrated that under such conditions glucose is 
synthesized by non-carbohydrate sources by gluconeogenesis 
11,2,61,182,183). As a result of the above fact, the 
activities of FBPase and G6Pase were found to be 
significantly increased by fasting. The increase of botb 
FBPase and G6Pase was much more higher in SC-H than JHC-H 
tToDie 14, 15, 35, 36;. The results are in agreement with 
some of the previous reports in which the activities of 
these and other gluconeogenic enzymes were observed to be 
increased by fasting (1,2,6,93,182,183). It is also known 
that gluconeogenesis is predominant in proximal convoluted 
tuDule cas could be present in SC-H) than in pars recta (as 
could be present in JMC-H) (1,2,6,93,182,183). As expected 
the activities of both FBPase and G6Pase were returned 
towards the control values by refeeding (Table 35, 36). The 
gluconeogenesis in LH also increased during the fasting but 
to a lesser extent than in the kidney and then decreased by 
refeeding accordingly (Table 35, 36). 
Glucose is also known to be oxidized though at a low 
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rate by HMP-shunt pathway. But the enzymes of the pathway-
together with malic enzyme (ME) have an important role in 
producing NADPH, which is being utilized by the kidney in 
drug metabolism, glutathione handling and in the synthesis 
of lipids and other membrane components (1,184). The 
activities of G6PDH and ME were profoundly increased by 
fasting (Table 16,17,37,38). The activity of G6PDH was 
effectly increased in SC-H than JMC-H after 1 or 3 d fasting 
while after 4 or 5 d fasting it was greatly increased in 
JMC-H than SC-H (Table 16, 37). On the other hand the 
activity of ME was increased to much greater extent in JMC-H 
than SC-H (17,38). The activities of both G6PDH and ME were 
declined towards the control values by refeeding the fasted 
rats (Table 37, 38;. The activity of G6PDH was also 
increased overwhelmingly in LH than Kidney enzyme. However, 
the increase in ME activity was to much lesser extent than 
G6PDH in the liver. The effect of fasting was counteracted 
also in the liver by refeeding. The results thus far 
indicate that the metabolic activities of the kidney and the 
liver were altered by both fasting and refeeding. 
The results of the present study clearly demonstrate 
that food-deprivation distinctly alters the structural and 
functional components of the proximal tubule in the kidney 
than the alterations, produced by Pi-deprivation in the diet 
(36,41.A3.110). 
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in conclusion, the results of the present study clearly 
indicate tnat during fasting -
1^  tne activities of LDH and MDH were markedly lowered, 
2) tne activities of FBPase, G6Pase, G6PDH and ME were 
profoundly increased, 
3) the activities of marker BBM-enzymes e.g., AlkPase and 
GGlase were significantly altered, 
4) the transports of Pi and "^H-L-proline were 
significantly but differentially decreased, 
5; tne activities of the above enzymes and transport 
functions were differentially altered in the 
superiiciai and luxtaraeduliary cortex in the kidney, 
t) the metaboiic activities of liver ana kidney were 
distinctly altered, 
7) the activity of GGTase and the transport of L-proline 
were increased by 5 d fasting while lowered by i, 3 or 
4 d fasting, 
8; the glycolysis and oxidative metabolism (TCA cycles 
lowered by fasting, resricted the production of ATP and 
hence transports of '^'^Pi and L-proline were 
consequently lowered, 
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V-' the increased qluconeogenic enzymes by fasting suggest 
that glucose production might be increased from non-
carbohydrate sources such as from the metabolites of 
fatty acids and proteins. 
10) the effects of fasting were distinctly counteracted 
by refeeding of fasting animals. 
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